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FOREWORD 


A significant  factor  in  the  development  of  new  technology  is  the  timely- 
exchange  of  information  to  highlight  areas  of  progress  and  to  establish  areas 
in  need  of  greater  emphasis  - in  short,  to  provide  both  program  management  and 
technical  contributors  an  opportunity  to  review  their  work  and  plans  in  the 
context  of  the  requirements  and  constraints  of  the  total  program. 

During  the  past  two  years,  the  Langley  Research  Center  has  made  a con- 
certed effort  to  support  the  NASA  objectives  for  development  of  a low-cost 
space  transportation  system  - the  space  shuttle.  The  Langley  ef fort . cavers  a 
broad  base  of  technology  including  electronics  and  life  support  systems,  but 
its  primary  focus  has  been  in  the  areas  of  Aero thermodynamics,  Configurations, 
and  Flight  Mechanics;  Structures  and  Materials;  and  dynamics  and  Aeroelasticity. 

Thun  it  was  in  the  context  of  the  need  for  a technology  status  review  and 
our  own  active  involvement  in  the  aforementioned  areas  of  technology  that  the 
Langley  Research  Center  was  pleased  to  host  the  Shuttle  Technology  Conference 
which  culminated  in  this  document.  As  the  reader  will  recognize,  the  develop- 
ment and  presentation  of  this  information  was  largely  achieved  by  very  busy 
people  doing  an  additional  job.  Nevertheless,  I believe  the  results  of  the 
conference  reflect  a highly  motivated  and  cooperative  effort  on  the  part  of 
industry  and  NASA  centers  to  provide  the  best  information  available  for  techni- 
cal review  and  assessment.  This  effort  is  deeply  appreciated  by  those  of  us 
involved  in  the  implementation  of  the  conference.  Thus,  to  the  authors,  ses- 
sion chairmen,  and  numerous  individuals  involved  in  the  logistic  support  of 
this  conference,  I offer  my  thanks  both  for  your  effort  and  for  your  coopera- 
tion. A job  well  done.' 


George  W.  Brooks 
General  Chairman 
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INTRODUCTORI  REMARKS 


By  A.  0.  Tischler 

Director  of  Shuttle  Technologies  Office,  OART 
NASA  Headquarters,  Washington,  D.C. 

This  conference  is  on  the  technology  work  "being  done  for  the  reusable  space 
launch  vehicle  commonly  known  as  the  shuttle.  It  covers  three  areas  of  work. 
These  are  the  related  fields  of  aerodynamics  and  configuration  refinement, 
structures  and  materials,  including  thermal  protection  systems,  and  aeroelas- 
! ticity  and  dynamics.  Since  this  audience  of  experts  knows  as  well  as  I what  is 

I 

: involved  in  these  activities,  any  remarks  here  will  he  confined  to  three  points. 

First  let  me  thank  Edgar  Cortright  and  his  staff  at  the  Langley  Research 
Center  for  hosting  this  three-day  conference.  This  is  the  first  of  a series  of 
four  such  conferences  to  he  held  this  spring.  They  will  cover  all  technology 
; working  group  activities. 

! May  I thank  Dr.  George  Brooks  and  Eugene  Love,  Chairman  and  Vice-Chairman, 

i 

I for  making  all  the  necessary  detail  arrangements.  I should  also  like  to  extend 
| my  thanks  to  the  working  group  chairmen,  who  were  responsible  for  lining  up  the 
presentations  for  this  conference.  Their  success  will  soon  be  judged  by  you 

all. 

Second,  I should  like  to  review  some  history  of  this  program.  It  will 
interest  those  of  you  who  were  not  here  then  that  approximately  two  years  ago 
a conference  was  held  in  this  same  hall  to  consider  both  the  shuttle  and  the 
space  station  as  new  space  projects.  We  have  come  a long  way  since  that  time. 

Roughly  20  months  ago  Dr.  George  Mueller,  then  head  of  the  Office  of  Manned 
Space  Flight,  persuaded  Bruce  Luudin,  then  head  of  the  Office  of  Advanced 
Research  and  Technology,  to  conduct  a technology  program  to  prepare  the  base 
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PAPER  2 


for  developing  a shuttle.  Thus,  he  succeeded  in  getting  OART  to  spend  its  money 
to  do  what  OMSF  would  otherwise  he  required  to  fund.  Despite  the  obvious 
disparity  in  annual  incomes,  this  procedure,  I felt,  was  a socially  acceptable 
form  of  pick-pocketing  since  I had  for  a long  time  felt  that  OART  needed  to 
focus  its  meager  technology  efforts  on  supporting  real  space  mission  prospects. 
Although  there  must  always  be  some  part  of  eveiy  research  establishment  that 
searches  for  breakthroughs  into  new  arenas  of  endeavor,  it  was  observable  to  me 
that  when  spread  to  cover  all  technologies  of  interest,  OART  efforts  were  thin 
enough  to  be  virtually  transparent.  Better,  I insisted,  to  put  enough  weight 
behind  one  spearhead  to  punch  through- the  barrier.  In  addition,  OART  centers, 
particularly  the  Langley  Research  Center,  and  Headquarters  personnel  had  for 
some  time  been  examining  technological  problems  pertinent  to  a fly able  reentry 
vehicle. 

Bruce  therefore  accepted  George’s  proposition  to  participate,  Dutch  treat, 
but  retaliated  by  assigning  me  to  manage  the  job  j thus,  he  cleverly  designed 
everyone’s  punishment  to  fit  his  own  particular  crime. 

Thus  we  began  this  crusade  to  flesh  out  fancy  with  fact.  And  progress  is 
being  made.  That  progress,  I believe,  is  attributable  to  the  drive  and 
dedication  of  the  people  who  make  up  this  program.  For  the  first  time,  perhaps, 
NASA  Centers  are  participating  actively  in  one  total  effort.  Some  parochial 
boundaries  are  beginning  to  disappear.  We  would  like  you  to  participate  also 
in  generating,  getting,  and  using  the  results  of  this  total  effort,  and  that  is 
the  principal  purpose  of  this  conference. 

Let  me  return  to  the  present  to  make  my  third  point.  The  papers  presented 
in  this  conference  cover  only  part  of  the  total  effort  encompassed  by  the  tech- 
nology program.  They  do,  however,  uncover  many  of  the  problems  that  stand  in 
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the  way  of  complete  technological  readiness  for  "building  the  shuttle.  But  this 
review  will  reveal  more  experimental  results  than  previous  reviews  have,  and 
that  trend  will  continue  in  future  conferences.  I want  to  encourage  this  audi- 
ence to  engage  the  presentors,  personality,  by  telephone  or  by  mail,  to  gain  a 
fuller  understanding  of  these  problems  and  results.  If  you  agree,  you  can 
support  each  other* s conviction.  If  you  disagree  one  of  you,  or  perhaps  both 
of  you,  has  the  opportunity  to  enhance  his  engineering  acumen.  In  this  game, 
there  is  no  substitute  for  knowing  what  we  are  doing.  Since  there  is  so  much 
to  learn  and  confirm,  I say  now  letTs  get  on  with  it. 
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ORBITER  CONFIGURATIONS 
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ORBITER  CONFIGURATIONS 


134-0.006  SCALE,  L = 0.323m  (1.06ft) 
129-0.008  SCALE,  L = 0.41  m (1.35ft) 


WINDWARD  SURFACE  OIL-FLOW  PHOTOGRAPH 


0 

t) 


0 

a 

<D 

d 

CO 

P 

0 

p 

d 

o 

•H 

-P 

d 

p 

0) 

•H 

H 

to 

bO 

P 

c 

P 

d 

d 

0 

Pi 

o 

> 

d 

d 

d 

d 

d 

O 

•rl 

0 

o 

d 

0 

P 

d 

> 

bO 

a 

to 

0) 

0 

O 

O 

• 

o 

P 

rH 

d 

r— 1 

P 

CO 

•rl 

p 

Eh 

*H 

3 

P 

o 

0 

-P 

a 

O 

CO 

p 

d 

O 

■H 

CO 

d 

Pi 

•H 

0) 

P 

• 

0 

0) 

0 

r— I 

d 

> 

d 

P 

d 

to 

CO 

CO 

o 

P 

Pi 

d 

•rl 

m 

0 

P 

bO 

d 

-P 

P 

0 

> 

Eh 

d 

<u 

d 

d 

o 

bO 

0 

•H 

a 

0 

O 

bD 

d 

d 

> 

•H 

P 

o 

rH 

• 

o 

H 

P 

rH 

d 

0 

d 

d 

H 

g 

d 

CO 

0 

H 

3 

Pi 

bO 

d 

3 

P 

tsl 

O 

0 

d 

s 

p 

P 

P 

d 

a 

•H 

d 

•H 

d 

-p 

> 

p 

0 

> 

hO 

0 

0 

o 

i 

o 

O 

P 

P 

0 

p 

d 

0 

0 

P 

0 

»H 

P 

d 

P 

d 

0 

q 

d 

P 

c 

d 

d 

d 

d 

d 

D 

d 

d 

0 

•H 

P 

P 

CO 

ft 

l>5 

h 

O 

•rl 

Pi 

rH 

d 

3 

• 

Pi 

d 

d 

•H 

0 

w 

P 

d 

•H 

CO 

p 

• 

3 

d 

d 

d 

d 

a> 

t— 

0 

0 

o 

0 

0 

P 

d 

d 

CO 

•rl 

to 

-P 

ii 

P 

d 

bO 

CO 

0 

to 

d 

0 

0 

•rl 

d 

bD 

..8 

d 

d 

d 

d 

Pi 

d 

S 

5 

3 

o 

d 

•H 

o 

d 

d 

o 

CO 

-P 

d 

d 

Pi 

•rl 

o 

•rl 

d 

a 

d 

d 

•rl 

bO 

O 

<D 

3 

d 

d 

0 

P 

0 

•H 

CO 

d 

rH 

P 

d 

d 

p 

0 

o 

d 

•H 

P 

d 

d 

u 

o 

d 

bD 

0 

P 

Pi 

VO 

d 

p 

o 

d 

•H 

•H 

CM 

0 

d 

p 

P 

P 

d 

d 

1! 

0 

iH 

0 

P 

P 

0 

p 

•rl 

d 

0 

d 

d 

a 

ro 

o 

0 

d 

a 

•H 

•H 

d 

P 

o 

d 

rH 

0 

p 

0 

H 

d 

#v 

d 

CO 

p 

d 

hO 

d 

r— 1 

p 

p 

bD 

> — ' 

p 

d 

0 

rH 

d 

d 

d 

H 

0 

d 

0 

bo 

•H 

P 

0 

0 

d 

0 

d 

P 

p 

0 

0 

P 

•H 

d 

> 

•H 

3 

0 

•H 

•H 

P 

0 

o 

p 

P 

d 

d 

P 

rH 

d 

c$ 

P 

bD 

cj 

P 

o 

0 

0 

O 

d 

d 

d 

1 

P 

Pi 

0 

•H 

d 

d 

rH 

bO 

P 

Pi 

P 

> 

0 

3 

•H 

d 

d 

<H 

0 

•rl 

d 

0 

0 

0 

0 

> 

o 

P 

P 

d 

d 

1 

d 

0 

P 

•H 

3 

d 

p 

d 

0 

•H 

rH 

0 

p 

0 

P 

P 

d 

0 

P 

bO 

£3 

P 

EH 

o 

d 

0 

O 

•rl 

H 

d 

o 

d 

d 

O 

Pi 

■H 

Pi 

P 

d 

P 

■ 

« 

p 

Pi 

P 

0 

P 

bD 

d 

0 

d 

0 

0 

bO 

0 

d 

d 

P 

d 

h 

d 

rH 

•H 

B) 

P 

bO 

d 

i — 1 

•H 

> 

d 

o 

0 

P 

P 

bO 

p 

> 

to 

0 

0 

d 

o 

O 

3 

bO 

P 

•H 

p 

0 

i — f 

P 

d 

P 

d 

p 

Pi 

P 

P 

•H 

0 

P 

0 

£ 

P 

d 

d 

d 

0 

P 

o 

d 

Pi 

P 

0 

P 

0 

3 

d 

to 

O 

O 

P 

0 

0 

•H 

d 

d 

P 

o 

p 

P 

0 

O 

o 

d 

0 

d 

CM 

O 

<H 

0 

H 

•H 

d 

P 

bO 

o 

0 

•H 

0 

P 

d 

d 

0 

P 

d 

d 

d 

d 

H 

bO 

d 

•H 

•H 

d 

o 

> 

d 

Pi 

0 

rH 

0 

•H 

•rH 

P 

H 

CO 

P 

0 

0 

P 

3 

d 

•H 

P 

P 

p 

0 

d 

P 

•rl 

P 

d 

Pi 

> 

So 

bD 

d 

rH 

o 

•H 

P 

0 

S 

0 

0 

H 

0 

O 

P 

P 

d 

P 

24 


25 


Slide  2 


CENTERLINE  PRESSURES  AND  HEATING  RATES 


i — i 

0 

ft 

> 

a 

cd 

i — l 

cd 

O 

0 

o 

1 

u 

cd 

0 

rH 

d 

ft 

•H 

cd 

1 

•H 

o 

ft 

ft 

0 

Eh 

bO 

d 

ft 

ft 

ft 

Pi 

CO 

•H 

d 

CO 

0 

o 

cd 

CO 

cd 

b 

1 

d 

cd 

ft 

o 

d 

d 

■H 

ft 

0 

ft 

H 

0 

ft 

d 

> 

•H 

•H 

o 

• 

ft 

> 

d 

ft 

d 

CO 

Cd 

0 

o 

d 

ft 

•H 

0 

d 

P 

0 

d 

cd 

3 

cd 

d 

H 

1 — 1 

o 

cd 

bD 

bO 

o 

ft 

g 

cd 

ft 

0 

3 

ft 

g 

H 

0 

cd 

»H 

•H 

o 

5 

d 

bD 

d 

0 

ft 

1 

0 

d 

rH 

ft 

d 

CO 

d 

0 

d 

cd 

a 

ft 

ft 

to 

n 

d 

0 

cd 

ft 

cd 

ft 

o 

d 

Eh 

3 

CO 

b 

d 

0 

CO 

d 

CO 

0 

0 

Pi 

i — i 

d 

•H 

-p 

O 

d 

O 

ft 

p 

bo 

•H 

d 

d 

■ 

CO 

cd 

O 

d 

o 

0 

-p 

ft 

cd 

d 

d 

0 

1 

ft 

ft 

> 

o 

0 

0 

-P 

ft 

CO 

d 

0 

o 

d 

ft 

ft 

ft 

a 

0 

0 

0 

co 

CO 

cd 

0 

ft 

0 

o 

bD 

ft 

3 

•H 

ft 

h 

0 

O 

ft 

i — 1 

cd 

3 

d 

•H 

d 

d 

0 

ft 

0 

3 

d 

g 

cd 

d 

rH 

d 

bO 

o 

•H 

d 

•H 

-p 

ft 

CO 

3 

rH 

a 

cd 

0 

0 

•H 

CO 

0 

d 

ft 

bD 

ft 

CO 

CO 

0 

0 

CO 

bD 

> 

d 

d 

ft 

3 

d 

aJ 

0 

d 

0 

CO 

ft 

d 

P 

ft 

•rf 

d 

d 

0 

o 

g 

d 

0 

ft 

Q 

rH 

0 

CO 

CO 

CO 

•H 

bD 

x 

• 

rH 

o 

ft 

d 

g 

cd 

ft 

ft 

cd 

■H 

d 

0 

H 

0 

GO 

9 

d 

ft 

ft 

a 

cd 

ft 

ft 

3 

ft 

b 

b 

• 

ft 

d 

cd 

0 

•rl 

0 

0 

ft 

d 

cd 

O 

ft 

0 

■rH 

d 

ft 

ft 

ft 

O 

ft 

ft 

d 

1 

•H 

i — | 

II 

a 

0 

0 

CO 

ft 

0 

ft 

cd 

d 

ft 

0 

H 

a 

a 

CO 

d 

d 

d 

M 

0 

•rH 

ft 

bO 

Pi 

O 

0 

U 

cd 

d 

0 

3 

3 

d 

O 

cd 

CO 

•H 

cd 

d 

0 

i — 1 

> 

ft 

cd 

O 

0 

u 

p 

0 

0 

d 

d 

6s 

ft 

•H 

£ 

0 

d 

CO 

-P 

d 

cd 

a 

3 

ft 

Pi 

P 

d 

6 

ft 

ft 

CO 

> 

b 

s 

•rH 

CO 

0 

0 

o 

o 

ft 

O 

•H 

rH 

cd 

rH 

cd 

d 

•H 

d 

g 

d 

0 

Pi 

ft 

bO 

0 

O 

0 

d 

0 

d 

cd 

cd 

ft 

CO 

cd 

d 

ft 

ft 

ft 

cd 

rH 

ft 

0 

d 

ft 

0 

ft 

0 

•H 

ft 

3 

o 

cd 

ft 

ft 

ft 

0 

> 

b 

d 

cd 

ft 

ft 

d 

CO 

O 

0 

•rH 

-P 

•H 

ft 

d 

O 

ft 

o 

d 

d 

ft 

cd 

0 

0 

hO 

CO 

CO 

X 

*{H 

d 

ft 

rH 

ft 

O 

o 

ft 

0 

d 

cd 

CM 

cd 

> 

0 

ft 

d 

O 

0 

ft 

•H 

cd 

3 

0 

ft 

bD 

CO 

0 

bD 

ft 

O 

d 

H 

d 

b 

d 

ft 

0 

0 

g 

td 

•H 

0 

N 

d 

d 

ft 

d 

ft 

0 

rH 

ft 

CO 

cd 

rH 

ft 

ft 

•H 

•H 

0 

0 

•H 

0 

d 

Pi 

0 

3 

-P 

cd 

o 

0 

ft 

ft 

i — 1 

d 

ft 

* 

h 

rH 

Pi 

0 

ft 

0 

•H 

CO 

cd 

P 

d 

3 

«s 

cd 

b 

cd 

d 

ft 

CO 

d 

ft 

P 

d 

ft 

g 

O 

P 

o 

ft 

d 

0 

bD 

3 

o 

•H 

ft 

•H 

O 

d 

Pi 

P 

•H 

cd 

0 

o 

b 

cd 

o 

CO 

0 

d 

O 

CO 

bD 

d 

ft 

0 

0 

ft 

LTN 

d 

d 

bO 

0 

0 

d 

d 

0 

CO 

0 

ft 

ft 

cd 

^ 

0 

•H 

ft 

0 

o 

d 

d 

d 

X 

ft 

-p 

-P 

ft 

CM 

> 

Cn 

CO 

ft 

d 

•H 

0 

d 

rH 

0 

d 

a 

03 

0 

0 

CO 

d 

o 

O 

bO 

H 

CO 

CO 

0 

d 

- — . 

d 

d 

O 

ft 

d 

d 

cd 

o 

d 

d 

Pi 

CO 

ft 

•H 

•H 

00 

0 

3 

O 

,0 

b 

•H 

g 

d 

d 

ft 

d 

d 

r X 

ft 

0 

ft 

ft 

i — 1 

CO 

0 

> 

O 

i — l 

0 

ft 

9 

d 

0 

-p 

CO 

ft 

ft 

i*T 

0 

0 

Pd 

0 

o 

CO 

d 

t— 

d 

o 

0 

• 

CO 

•H 

0 

d 

d 

0 

d 

0 

#s 

bo 

VO 

•H 

i — i 

d 

0 

o 

d 

o 

3 

ft 

ft 

0 

S 

d 

0 

b 

LT\ 

rH 

ft 

ft 

CO 

g 

0 

g 

ft 

CO 

ft 

ft 

0 

Pi 

d 

b 

U 

CO 

cd 

0 

ft 

cd 

0 

ft 

fd 

0 

•H 

ft 

o 

11 

' — 

0 

d 

0 

d 

rH 

-p 

0 

d 

ft 

d 

rH 

•rl 

0 

h 

o 

d 

0 

ft 

i — 1 

0 

o 

o 

bO 

d 

d 

0 

ft 

g 

cd 

•H 

o 

> 

cd 

0 

& 

& 

i — ! 

d 

o 

0 

0 

0 

ft 

ft 

0 

O 

ft 

ft 

g 

bO 

•H 

a 

ft 

rH 

ir\ 

CO 

cd 

d 

o 

cd 

o 

0 

0 

d 

ft 

d 

•H 

d 

0 

0 

o 

0 

d 

d 

o 

o 

ft 

ft 

•H 

cd 

d 

rH 

0 

> 

ft 

on 

ft 

bO 

d 

• 

•H 

O 

EH 

a 

o 

0 

a 

-p 

• 

cd 

cd 

0 

d 

<d 

d 

s 

0 

d 

•H 

PM 

b 

0 

JL 

d 

ft 

ft 

0 

d 

d 

O 

•H 

d 

0 

d 

0 

d 

r 

, 

ft 

CO 

ft 

ft 

•H 

0 

cd 

* 

bO 

d 

d 

O 

bO 

•H 

i — | 

d 

bO 

• 

ft 

ft 

• 

0 

•H 

0 

cd 

i — 1 

0 

CO 

a 

g 

d 

p 

d 

b 

ft 

h 

d 

ft 

o 

ft 

H 

d 

d 

a1 

•H 

cd 

P 

d 

o 

cd 

3 

3 

fS 

to 

ft 

0 

0 

II 

d 

-P 

0 

cd 

•H 

B 

cd 

CO 

o 

0 

d 

H 

CO 

ft 

3 

cd 

d 

CO 

ft 

ft 

ft 

0 

a3 

d 

P 

d 

ft 

0 

CO 

0 

ft 

n 

d 

a 

0 

ft 

g 

CO 

ft 

ft 

3 

ft 

0 

0 

d 

ft 

CO 

d 

rH 

*H 

d 

ft 

p 

0 

d 

a 

X 

o 

0 

1 

o 

O 

d 

3 

tJ 

•H 

0 

ft 

P 

bD 

0 

ft 

d 

0 

•H 

d 

0 

CO 

? 

d 

d 

< 

d 

cd 

ft 

d 

d 

CO 

•H 

a 

0 

bO 

d 

CO 

ft 

cd 

H 

3 

ft 

•rl 

a 

ft 

ft 

cd 

d 

0 

0 

Pi 

0 

d 

•H 

CO 

0 

rH 

o 

0 

u 

ft 

d 

ft 

d 

0 

r— I 

b 

■ 

d 

W 

bD 

CO 

b 

0 

o 

CO 

d 

Pi 

q 

•rl 

d 

bD 

rH 

3 

0 

a 

0 

0 

ft 

0 

b 

bD 

d 

3 

•H 

3 

O 

d 

O 

ft 

ft 

o 

0 

ft 

ft 

bD 

h 

ft 

d 

•rH 

•H 

d 

cd 

cd 

ft 

■H 

d 

EH 

H 

P 

0 

P 

P 

•5 

d 

0 

ft 

0 

o 

ft 

0 

<9 

0 

•H 

CO 

d 

CO 

o 

H 

ft 

0 

cd 

0 

ft 

d 

• 

d 

> 

CO 

0 

0 

if 

3 

o 

P 

0 

Pd 

ft 

• 

0 

on 

0 

| 

0 

to 

0 

bO 

? 

CO 

O 

a5 

ft 

0 

• 

ft 

ft 

-p 

d 

•H 

ft 

d 

0 

cd 

CO 

•H 

d 

d 

ft 

0 

C\J 

ft 

• 

ft 

H 

ft 

cd 

0 

0 

ft 

ft 

M 

0 

O 

cd 

•rl 

ft 

bb 

cd 

ft 

g 

ft 

cd 

ro 

CO 

rH 

• 

d 

0 

a 

•H 

d 

p 

d 

o 

0 

cd 

*H 

0 

0 

aJ 

d 

Pi 

ft 

cd 

0 

d 

■H 

ft 

0 

d 

d 

bD 

Pi 

0 

cd 

0 

d 

CO 

d 

O 

ft 

ft 

ft 

ri 

d 

d 

0 

bO 

Ift 

O 

g 

d 

ft 

•H 

d 

b 

ft 

ft 

bO 

fd 

3 

d 

0 

d 

d 

ft 

0 

i — l 

CO 

rH 

•H 

s 

P 

d 

cd 

d 

■H 

g 

d 

o 

cd 

*> 

ft 

> 

0 

•H 

i 

0 

■H 

0 

M 

o 

ft 

ft 

d 

0 

p 

0 

d 

ft 

d 

ft 

• 

CO 

d 

ft 

cd 

d 

d 

b 

ft 

d 

0 

cd 

d 

ft 

0 

cd 

0 

CO 

ft 

ft 

ft 

ft 

3 

£ 

0 

-p 

o 

d 

ft 

0 

ft 

0 

ft 

o 

0 

ft 

O 

o 

ft 

3 

CO 

d 

d 

> 

cd 

d 

rH 

•H 

d 

0 

b 

o 

•H 

d 

CO 

s 

0 

d 

0 

0 

> 

d 

ft 

d 

0 

ft 

0 

o 

CO 

0 

3 

ft 

d 

•H 

cd 

O 

cd 

cd 

d 

ft 

0 

CO 

o 

bO 

o 

bO 

> 

ft 

bO 

Jj 

b 

0 

3 

0 

d 

•H 

O 

•H 

•H 

P 

o 

0) 

d 

o 

ft 

O 

cd 

ft 

ft 

d 

o 

ft 

ft 

•H 

rH 

r> 

•H 

ft 

§ 

ft 

ft 

0 

> 

* 

26 


CENTERLINE  PRESSURES  AND  HEATING  RATES 

NAR  STRAIGHT-WING  ORBITER 
M_  = 7.4  a = 60° 


, CM  CO  O — 

O o O C\J  rO 

x_j  — cm  ro 

8 o < □ O 

a> 

cr 


£_0I  x 

3amva3di/\i3±  30vaans 


cm  o 
• • • 


u_  M-  cm  o oo  to  w 

o • • • • • • 

CM  CM  CM — 


d/d 

‘OllVd  3dnSS3dd 


(UI)ujQ0£*0  = a ‘s^b 
‘Oliva  9NI1V3H 


i 

i 


27 


AXIAL  DISTANCE,  x/L 


WINDWARD  SURFACE  OIL-FLOW  PHOTOGRAPH 


28 


29 


Slide  4 


CENTERLINE  PRESSURES  AND  HEATING  RATES 


a 


O 

d 

o 

•H 

*H 

CO 

X 

bD 

X 

CD 

ft 

a> 

CO 

<! 

ft 

d 

bO 

d 

CD 

3 

£ 

cd 

d 

CO 

cd 

CD 

> 

-p 

ft 

d 

cd 

• 

u 

J> 

X 

•H 

X 

ft 

o 

CD 

o 

CD 

•H 

X 

bo 

bD 

3 

•H 

d 

o 

X 

ft 

CD 

ft 

CD 

ft 

o 

M3 

3 

> 

CD 

r— t 

X 

cd 

d 

>> 

ft 

d 

CO 

c| 

II 

H 

ft 

3 

(1) 

bp 

X 

ft 

d 

a> 

J~j 

CO 

0) 

a 

cd 

d 

CD 

X 

X 

Eh 

ft 

d 

X 

3 

> 

• 

-p 

CO 

a> 

ft 

o 

P 

t- 

X 

cd 

d 

a1 

CD 

d 

• 

CD 

> 

CD 

II 

o 

h 

X 

g 

d 

d 

ft 

d 

ft 

d 

3 

r* 

•h 

bD 

8 

o 

o 

X 

d 

3 

3 

S 

x> 

<d 

0 

*H 

ft 

o 

ft 

ft 

X 

o 

bD 

•H 

X 

CO 

X 

CD 

ft 

d 

CD 

CD 

ft 

O 

CD 

g 

O 

ft 

d 

d 

cd 

ft 

3 

X 

rt 

CD 

o 

o 

3 

<D 

3 

a> 

bD 

> 

o 

ft 

d 

o 

*H 

o 

d 

CD 

i — i 

o 

c* 

d 

■H 

CO 

3 

bO 

on 

d 

o 

3 

t* 

X 

ft 

d 

o 

if 

ft 

CO 

d 

3 

•H 

ii 

•H 

5* 

to 

CD 

CO 

3 

X 

ft 

bO 

a> 

•H 

X 

CD 

3 

e 

<D 

£3 

X 

ft 

rH 

d 

ft 

CD 

d 

3 

d 

X 

d 

X 

X 

ft 

CO 

CD 

<D 

o 

d 

ft 

ft 

o 

■H 

d 

ft 

(D 

<H 

o 

ft 

•H 

O 

X 

*H 

> 

> 

bO 

• ft 

ft 

ft 

ft 

CO 

ft 

d 

a 

CO 

d 

3 

rH 

CD 

ft 

CD 

O 

n 

o 

d 

i— 1 

eg 

d 

ft 

0 

P 

CO 

•H 

bO 

a) 

3 

d 

ft 

CO 

d 

ft 

3 

> 

<D 

ft 

CD 

CD 

d 

O 

P 

ft 

d 

bD 

X 

•H 

•h 

X 

CO 

>> 

O 

CD 

CD 

ft 

bD 

ft 

rH 

<d 

X 

X 

CO 

CD 

d 

a) 

X 

X 

ft 

ft 

3 

d 

-p 

rS 

3 

(D 

od 

J* 

to 

ft 

d 

0 

X 

ft 

bO 

. — ■* 

ft 

O 

d 

ft 

p 

CO 

CD 

d 

LT\ 

X 

0 

CO 

o 

x 

h 

d 

ft 

o 

3 

ft 

d 

3 

CD 

> 

CD 

CD 

d 

<D 

ft 

cd 

o 

X 

X 

ft 

ft 

d 

p 

CL) 

CD 

o 

ft 

X 

ft 

3 

p 

3 

ft 

o 

d 

>> 

X 

d 

CD 

<D 

cd 

ft 

3 

i — 1 

cn 

1 

O 

a> 

cd 

to 

d 

d 

P 

CO 

bO 

d 

d 

d 

CD 

X 

d 

P 

d 

3 

bD 

> 

3 

bD 

X 

o 

o 

•H 

-p 

cd 

o 

o 

d 

#\ 

ft 

ft 

ft 

CO 

X 

o 

ft 

P 

CD 

X 

> 

3 

ft 

to 

CO 

o 

ft 

d 

CJ 

3 

(D 

CD 

X 

0) 

cd 

3 

d 

d 

XI 

d 

O 

X 

CD 

CO 

H 

S 

ft 

X 

3 

CO 

d 

X 

X 

ft 

3 

X 

ft 

CO 

X 

<d 

i — i 

ft 

X 

d 

ft 

to 

3 

d 

d 

o 

bD 

CO 

(D 

3 

> 

CD 

ft 

»h 

d 

d 

X 

d 

d 

s 

ft 

<D 

ft 

a> 

<D 

ft 

CD 

to 

CO 

<D 

X 

d 

H 

eg 

X 

•H 

CD 

ft 

CO 

ft 

u 

P 

a) 

X 

CO 

ft 

CO 

CO 

<D 

X 

p 

ft 

cd 

X 

d 

CD 

CO 

d 

Eh 

d 

CD 

CD 

CO 

■h 

X 

CD 

a 

d 

d 

CO 

ft 

d 

0) 

to 

■H 

a 

3 

ft 

ft 

X 

• 

X 

d 

CD 

> 

ft 

U 

d 

i— 1 

d 

ft 

d 

o 

CD 

o 

cd 

CO 

o 

o 

o 

O 

X 

O 

a> 

d 

CD 

•H 

d 

ft 

d 

d 

<d 

X 

X 

•H 

bD 

S 

ft 

■rH 

ft 

W 

-p 

r— 1 

3 

CD 

CD 

ft 

d 

CO 

d 

ft 

CD 

ft 

X 

d 

> 

CD 

CO 

O 

H 

ft 

CD 

• 

o 

ft 

CD 

bO 

ft 

X 

X 

■h 

X 

CO 

X 

d 

d 

d 

O 

CD 

CO 

£ 

X 

d 

«H 

<D 

ft 

ft 

CD 

X 

o 

| 

o 

> 

0) 

d 

d 

bO 

d 

•H 

to 

cd 

bD 

3 

d 

3 

ft 

CO 

X 

X 

a) 

p 

d 

ft 

ft 

3 

o 

0) 

ft 

X 

3 

<D 

ft 

O 

d 

tH 

ft 

d 

o 

X 

3 

o 

O 

CJ 

ft 

o 

CD 

ft 

X 

r— 1 

* 

d 

cd 

M3 

P 

X 

d 

4 

L A 

■H 

d 

d 

d 

3 

S 

d 

II 

X 

o 

o 

d 

d 

a> 

a) 

O 

CO 

CD 

■H 

■h 

o 

X 

to 

ft 

3 

X 

CO 

ft 

ft 

0 

£3 

ft 

cd 

X 

3 

ft 

•h 

3 

H 

<u 

CO 

ft 

o 

CD 

CO 

CO 

i — i 

CO 

d 

0) 

cd 

d 

d 

d 

o 

ft 

s 

o 

3 

3 

a> 

d 

d 

cd 

CO 

CD 

d 

d 

d 

X 

0 

d 

< 

w 

•h 

ft 

ft 

ft 

30 


CO 

LU 

£ 

cr 


co 

i 

o 

x_j 

8 

<D 

cr 


if)  K)  rO  J't 

O 0)  — o — 

• • • • • 

— cm  m-  cd  r- 

o < □ o > 


£-01  x 

3UfUVU3dW31  33VddnS 
v'  CD  M"  cvi  o 

o _j  _•  • • 

i 1 1 1 

h M-  CM  O 00  CD  CM 

° CM  CM  CM  — — — 


31 


AXIAL  DISTANCE,  x/L 


FLIGHT  AND  WIND-TUNNEL  LAMINAE  HEAT-TRANSFER  PARAMETER  FROM  THEORY 
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wind-tunnel  heat-transfer  coefficients  would  yield  good  results. 
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MEASURED  TRANSITION  REYNOLDS  NUMBERS  COMPARED 
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LOCAL  ANGLE  OF  ATTACK, 


MEASURED  TRANSITION  REYNOLDS  NUMBERS  COMPARED 
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of  local  boundary  layer  edge  properties  will  be  required  before  more  meaningful 


MEASURED  TRANSITION  REYNOLDS  NUMBERS  COMPARED 
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NAR  AEROHEATING  METHODOLOGY  IS  278°C  - 388°C  COOLER  THAN  MDAC  FOR  THE  LOW 
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DELTA-WING  AND  STRAIGHT-BODY  MODELS  FOR 
GROUND  TEST  TRANSITION  STUDIES 
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PHASE-  CHANGE-PAINT  HEAT-TRANSFER  PATTERNS 
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PHASE-CHANGE-PAINT  HEAT-TRANSFER  PATTERNS 

STRAIGHT  BODY 


111 


Figure  4(b) 
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Figure  6(b) 
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APPLICATION  OF  TRANSITION  CRITERION  TO  FLIGHT 

CALCULATIONS 

REAL-GAS  SPACE  SHUTTLE  TRAJECTORY;  VARIABLE  ENTROPY 
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Figure  10 


APPHECATION  OF  TRANSITION  CRITERION  TO  FLIGHT  CALCULATIONS 
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than  the  edge  conditions  calculated  with  nonaal- shock  entropy.  Hefner’s  lower  hound  criterion  (ref.  l) 
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Figure  11 


APPIICATION  OF  TRANSITION  CRITERION  TO  FLIGHT  CALCULATIONS 
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Rockwell  correlation  is  300  percent. 
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Figure  12 


It  appears  from  calculations  of  boundary- layer  edge  conditions  using  variable  entropy  and.  from 
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to  the  onset  of  transition  that  is  approximately  one- fourth  the  North  American  Rockwell  distance 
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!D  BOUNDARY-LAYER  EDGE  PROPERTIES  on  straight-wing 
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SLOPE  OF  SURFACE  RELATIVE  TO  FREE  STREAM,  6,  deg 
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SLOPE  OF  SURFACE  RELATIVE  TO  FREE  STREAM,  6,  deg 
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are  made  for  computing  the  flow  field  in  the  entropy  layer.  The  accuracy  of  the  technique  is  confirmed 
hy  comparison  of  the  results  of  the  numerical  calculation  to  available  test  data  on  several  simple 
three-dimensional  geometries  such  as  sharp  elliptic  cones , and  blunted  cones  at  angle  of  attack. 


We  have  found  the  agreement  "with  experimental  results  to  be  excellent.  Applications  of  the  program 
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It  is  well  known  that  the  design  of  a thermal  protection  system  on  a shuttle  orbiter 
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(ii)  the  computer  running  time  is  reduced  to  a minimum,  and  in  any  event,  within  the 
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APPROACH  TO  THE  INVISCID  PROBLEM 
(Figure  l) 
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TIME— DEPENDENT  BLUNT  BODY  PROBLEM 
(Figure  2) 
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GEOMETRIC  CONSIDERATIONS 
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Figure  4 


ELLIPTICAL  CONES 
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Figure  6 


ENTROPY  LAYER  STUDY 
(Figure  7) 
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Figure  11 


Moretti,  Gino;  and  Abbett , Michael:  A Time-Dependent  Computational  Method  for  Blunt  Body  Flows. 
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the  trends  which  real-gas  effects  will  take  in  flight. 


DENSITY  RATIO  ACROSS  NORMAL  SHOCK  ALONG  SHUTTLE 
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VELOCITY,  km/ sec 


COMPARISON  OF  SHOCK  PATTERNS  IN  AIR  AND  CF4 
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COMPARISON  OF  SHOCK  PATTERNS  IN  AIR  AND  CF4 

TRUNCATED  STRAIGHT  WING  ORBITER,  ot  = 60° 
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Figure  9 


STAGNATION-POINT  LOCATION  MEASURED  FROM  OIL-FLOW  PATTERNS 
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4.  Tests  on  an  identical  model  in  helium  (density  ratio  of  5.9)  and  nitrogen  (density  ratio  of  5.9) 
at  Mach  20  indicate  a significant  difference  in  the  pitching-moment  curve  for  high  angles  of  attack 
(a  > 40°)  -which  is  apparently  due  to  the  shock  density -ratio  effects  on  the  flow  field. 
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change  test  method  is  of  limited  value  as  far  as  determining  peak  heat  transfer  rates  due 
to  shock  interference,  carefully  conducted  thermocouple  tests  can  give  a better  estimate 
of  the  peak  heating  values  experienced  by  the  models  in  the  interference  region. 
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MATED  VEHICLE  CONFIGURATION 
Side  View  - Baseline  Position 
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Figure  1 
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SEQUENCE  OF  SHADOWGRAPHS 
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Figure  2 
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SEQUENCE  OF  SHADOWGRAPHS 


SEQUENCE  OF  PAINT  PHASE -CHANGE  PATTERNS 
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impingement  is  clearly  indicated. 


SEQUENCE  OF  PAINT  PHASE-CHANGE  PATTERNS 

MATED  TEST  AT  NASA  LRC  MACH  8 VD  HWT 
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Figure  4 


TYPICAL  PAINT  PHASE-CHANGE  TEST  RESULTS 
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TYPICAL  PAINT  PHASE-CHANGE  TEST  RESULTS 
Booster  Paint  Isoheat-Transfer  Lines  During  Ascent 
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TIME  (SEC.) 


HEATING  RATE  DISTRIBUTION  ON  BOOSTER  TOP 
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HEATING  RATE  DISTRIBUTION  ON  BOOSTER 
TOP  & BOTTOM  CENTERLINE  DURING  ASCENT 
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HEATING  RATE  DISTRIBUTION  ON  BOOSTER 
TOP  & BOTTOM  CENTERLINE  DURING  ASCENT 
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ASCENT  HEATING  - (BOOSTER  ONLY) 
Correlation  of  Paint  & Thermocouple  Test  Data 
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EFFECT  OF  ORBITER  POSITION  ON  CANOPY  HEATING 
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X/L,  ORBITER  POSITION/BOOSTER  LENGTH 
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EFFECT  OF  MACH  NUMBER  ON  GAP  HEATING 


aNOiv  yaisooaM 
yanayo  + yaisooaM 


'OllVy  lN3IOIdd300 
yadSNvyi  ±V3H 


265 


NONDIMENSION AL  AXIAL  DISTANCE  ALONG  BOOSTER,  X/L 
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LEE-SIDE  HEATING  INVESTIGATIONS 
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PAPER  9-1 


SURFACE  FLOW  ANT)  HEATING  ON  DELTA-WING  ORBITER 
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SURFACE  FLOW  AND  HEATING  ON  DELTA-WING  ORBITER 
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Figure  1 
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CENTER-LINE  LEE-SURFACE  HEATING  AT  ANGLE  OF  ATTACK 
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CENTER-LINE  LEE-SURFACE  HEATING  AT  ANGLE  OF  ATTACK 
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Figure  3 
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EFFECT  OF  REYNOLDS  NUMBER  ON  CENTER-LINE  LEE-SURFACE  HEATING 


0 

rH 

0 

ft 

ft 

ft 

o 

J>> 

ft 

•H 

U 

0 

*> 

0 

0 

0 

ft 

ft 

0 

0 

0 
d 

1 

•H 

9 


0 

d 

0 

ft 

0 


Si 

ft 


0 

ft 

p 

d 

o 

w 

q 

0 

ft 

0 

ft 

M 

p 

0 

0 

0 

Ctf 

0 

d 

0 

d 

•H 

d 

0 

ft 


— V 

u 

0 

VO 

p 

ft 

0 

H 

ft 

§ 

p 

O 

d 

R 

0 

L ft 

0 

ft 

O 

0 

d 

0 

•H 

d 

•rl 

CQ 

cd 

0 

d 

O 

d 

■H 


0 

ft 

P 

d 

0 

& 


*H 

•H 

d 

0 


0 

0 

rH 

0 

ft 

P 

a 

o 

•H 

■e 

cd 

0 

ft 

0 

ft 

p 

CQ 

0 

CQ 

Cd 

0 

d 

o 

0 

Td 


0 

CQ 

O 

d 

0 

ft 

P 

ft 


P 

o 

ft 

0 

d 

0 

>> 

CD 

P 

p 

O 

•H 

*H 

P 

d 

• 

P 

d 

•H 

d 

0 

o 

o 

d 

0 

•H 

w 

0 

> 

P 

•H 

d 

cd 

0 

ft 

0 

ft 

H 

cd 

0 

P 

q0 

ft 

•H 

0 

P 

d 

P 

•H 

d 

d 

o 

d 

o 

d 

o 

0 

ft 

cd 

ft 

*H 

0 

ft 

ft 

s 

* 

•H 

p 

d 

hp 

d 

d 

0 

p 

0 

*H 

8 

o 

ft 

P 

rH 

cd 

0 

d 

O 

0 

O 

o 

d 

ft 

cd 

*H 

R 

ft 

P 

0) 

0 

d 

O 

ft 

o 

P 

0 

cd 

0 

0 

0 

CQ 

O 

d 

0 

ft 

p 

d 

•H 

H1 

"S 

0 

ft 

0 

ft 

J! 

P 

a 

O 

0 

0 

d 

1 

ft 

d 

•H 

d 

0 

a 


0 

H 

O 


0 

ft 

0 

ft 

P 

P 

o 

d 

0 

•H 

cd 

P 

0 

d 

& 

0 

1 

ft 

0 

•H 

P 

•H 

f— i 


cd 


1 

0 

0 


O 

P 

ft 

0 

fl 

d 

P 

td 

0 

ft 

£ 

S 

0 

0 

o 

ft 

ft 

o 

u 


•H 

"S 

0 

ft 

d 

•H 

0 

0 

05 

0 

d 

o 


0 

ft 

p 


d 

0 

I 

o 

ft 


0 

£ 

Id 

0 
i — I 

5 

0 

0 

o 

ft 

p 

o 

d 

0 

•H 

d 

o 

•H 

W 

0 

d 


O 

8 

il 

d 

ft 


CO 


0 

d 

p 

0 

o 

0 

ft 

H 

ft 

♦rH 

0 

CO 

ft 

*H 

p 

P 

•H 

1) 

0 

ft 

3 

d 

0 

•H 

3 

o 

Q 

ft 

0 

ft 

ft 

ft 

rH 

0 

p 

ft 

0 

d 

ft 

cd 

p 

o 

P 

p 

cd 

•H 

o 

d 

P 

P 

0 

•H 

•rH 

< 

•H 

tiO 

0 

p 

•H 

q 

♦H 

0 

d 

CD 

V 

d 

*H 

O 

d 

0 

ft 

ft 

P 

o 

o 

EH 

0 

cd 

■H 

a 

0 

\> 

cd 

ft 

C 

• 

p 

P 

p 

0 

ttf) 

d 

0 

ft 

d 

P 

•s 

P 

•H 

0 

d 

0 

ft 

0 

0 

d 

cd 

0 

ft 

rH 

•rH 

0 

0 

ft 

1 — 1 

p 

0 

ft 

d 

ft 

0 

ft 

0 

P 

w 

cd 

ft 

0 

•H 

0 

p 

ft 

d 

P 

ft 

rH 

o 

d 

o 

0 

0 

o 

d 

d 

•H 

o 

Ri 

o 

cd 

£ 

0 

•H 

0 

Vi 

o 

ft 

O 

P 

0 

ft 

P 

*8 

ft 

p 

0 

Id 

o 

•H 

ft 

d 

•H 

0 

0 

•H 


P 

0 

£ 

0 
i — I 

0 

ft 

P 

■s 

1 

p 

IS 

o 

ft 

0 


cd 

o 

0 

1 I 

to 

3 

a3 

0 

ft 

0 

ft 

P 

P 

O 


0 

ft 


d 

O 

H 

cd 

a 

o 

*H 

S 

0 


d 

P 

0 

l 

O 

d 

ft 

* 

0 


ft 

§ 

0 

0 

cd 

o 

u 

0 

p 

p 

3 


•H 

ft 

•H 

d 

§ 

0 

H 

0 

ft 

P 

P 

O 

ft 

o 

o 

■s 

0 

1 

•H 

0 

d 

0 

ft 

P 

d 

•H 

£ 

0 


O 

cd 

P 

15 

cd 

0 

u 

Id 

0 

1 

hD 

d 

•H 

15 

cd 

0 


JP 

p 

0 

H 

<p 

0 

0 

rH 

r— 1 

•H 

S 

P 

d 

o 

o 

d 

• 

d 

> 

0 

P 

ft 

cd 

0 

P 

d 

15 

o 

o 

rH 

s 

0 

d 

P 

d 

■§> 

rH 

d 

0 

p 

cd 

0 

P 

o 

3 

•H 

0 

o 

1 

CO 

ft 

•H 

0 

ft 

0 

d 

d 

r— 1 

ft 

P 

d 

d 

0 

Q 

•H 

ft 

•H 

0 

P 

P 

q 

o 

o 

0 

0 

0 

0 

0 

•H 

H 

cd 

■H 

d 

i — i 

§ 

■rH 

ft 

ft 

ft 

p 

g 

CD 

P 

ft 

H 

d 

d 

d 

0 

d 

0 

rH 

P 

o 

O 

•H 

0 

0 

O 

P 

ft 

3 

d 

0 

ft 

cd 

p 

0 

•N 

R 

0 

Eh 

P 

0 

0 

0 

0 

d 

d 

d 

d 

ft 

d 

d 

[> 

ft 

•d 

o 

ft 

P 

P 

o 

•H 

d 

• 

0 

cd 

0 

ft 

i 

p 

0 

0 

*\ 

d 

P 

p 

cd 

0 

ft 

o 

ft 

d 

o 

ft 

rH 

•rH 

ft 

P 

cd 

d 

0 

•H 

P 

0 

j£ 

rH 

cd 

P 

d 

ft 

p 

•rH 

d 

0 

0 

d 

3 

cd 

\s 

o 

uo 

ft 

0 

O 

P 

ft 

p 

o 

o 

d 

cd 

d 

0 

d 

d 

o 

d 

•H 

cd 

ft 

•H 

*3 

rH 

o 

p 

P 

0 

ft 

Is 

0 

•H 

o 

cd 

d 

0 

d 

ft 

p 

d 

0 

o 

O 

ft 

cd 

0 

i — l 

d 

cd 

ft 

cd 

H 

> 

ft 

o 

•H 

d 

0 

cd 

P 

p 

ft 

ft 

d 

P 

cd 

i — i 

ft 

15 

d 

0 

d 

R 

cd 

ft 

ft 

p 

0 

d 

0 

0 

0 

ft 

0 

ft 

0 

d 

o 

ft 

ft 

0 

ft 

276 


EFFECT  OF  REYNOLDS  NUMBER  ON  CENTER-LINE  LEE-SURFACE  HEATING  - Concluded 


W 

W 

R 

R 

0 

•H 

■H 

m 

h 

jH 

CQ 

CQ 

ft 

M 

W 

cd 

cd 

H 

<L> 

cd 

R 

0 

0 

0 

P 

ft 

3 

R 

R 

P 

ft 

R 

o 

o 

p 

o 

0 

R 

nd 

ft 

O 

p 

nd 

•H 

R 

cd 

P 

3 

p 

R 

P 

ft 

0 

d 

R 

P 

/ — s 

ft 

P 

•H 

*H 

VD 

ft 

ft 

P • P 

fc£ 

O 

! cd 

* 

0 

ft 

R O 0 

0 

P 

fit 

O 

0 cd  p 

0 

0 

X 

ft  P 

1 V / 

cd 

R 

0 

0 

B P 

* 

0 

V / 

P 

P cd  R 

R 

O 

cd 

R 

o 

o 

R 

ft 

p 

ft  «H 

0 

O 

CQ 

cq  C 

I p 

Rd 

•rl 

R 

Rd 

cd 

P 

O 

i — 1 

rH  0 

o 

cd 

CQ 

cd 

O H 

[ H 

p 

R 

Cd 

R 

ft  b( 

3 q]} 

cd 

0 

0 

R 

I *H 

Rd 

ft 

R 

ft 

0 3 

; p 

0 

0 

ft 

R 

3 

CQ 

o 

bO 

o 

1 o 

o 

a 

O P 

1 o 

p 

£ 

0 

p 

O 

cq 

ft 

0 

0 

0 

ft 

•H 

P 

0 !> 

P 

R 

P 

> *H 

p 

0 

• 

CD 

R 

•H  p 

> 

0 

R 

R 

0 

P *H 

p 

CQ 

0 

0 

ft 

•H  CQ 

o 

cd 

cd 

P 

P 

cq  R 

0 

p 

-P 

R 0 

R 

ft 

R 

0 to 

O 

3 

ft 

R 

0 

0 

CQ 

•H 

cd 

0 

r* 

0 

P 

CQ 

R 

in 

a 

0 

<L)  R 

O 

•H 

O 

ft 

•H 

ft  g 

0 

P 

ft 

i — 1 

cq 

ft 

Q R 

CQ 

P 

P 

o 

0 

S 

ft 

R 

0 

ft 

w 

P 

R 

in 

P? 

a 

S 

CQ  *H 

P 

•H 

R 

0 

cd 

P 

•rl 

cd 

cd 

P 

V 

R 

CQ 

R 

H 

SP  H 

0 

0 

P 

W 

pj 

cq 

R -H 

p 

ft 

R 

CQ 

ft 

•H  ft 

p 

3 

P 

ft 

rH 

P cd 

0 

O 

in 

0 

O 

cd  0 

R 

CQ 

cd 

ft 

0 P 

0 

0 

0 

0 

ft 

& 

P 

> 

R 

> 

R 

52 

. . ft 

O 

ft 

ft 

a 

ft 

ft  CD 

P 

R 

P 

d 0 

£ 

o 

cd 

ft 

ft 

ft 

0 ft  o 

•rl 

o 

o 

ft 

i — ! 

P 

ft 

P 

R 

0 

P 

cd 

ft 

P 

o 

-P 

0 P 

P 

R 

ft 

R 

a p 

Rd 

m 

ft 

> 

5P 

0 

cd 

0 

R 

rd 

P P 

P 

CQ 

tsD 

R 

h ° 

cd 

9 

ft 

R 

ft 

0 

p 

R 

cd 

ft 

0 R 

cd 

R 

R 

P 

0 

<g 

1 O 

ft 

0 

O 

cd 

P 

nd 

0 *H 

0 

ft 

ft 

0 

R 

0 P 

CQ 

> 

P 

*H 

H cd 

p 

cd 

d 

a 

> 

R 

P 

R 

0 

CQ 

0 o 

O 

0 

ft 

Ph 

•H 

« 

P H 

P 

UQ 

P 

*p 

to 

Rd 

0 

0 

X 

0 

0 

I — 1 

CQ 

CQ 

P 

0 

W 

p p 

0 

o 

ft 

cd 

ft 

p 

R 

O P 

0 

R 

P 

0 

ft 

d 

•H 

Ift 

R 

fl 

o 

P 

0 0 

nd 

0 

0 

o 

i> 

o 

Rd  cd 

P 

P 

0 

r 

P 0 

P 

• 

ft 

R 

0 

jd 

P R 

CQ 

R 

0 

ft 

•rl  0 

R 

0 

0 

ft 

p 

0 

h ft 

£ 

•H 

P 

p 

S 

R 

S)  £ 

O 

0 

p 

p 

ft 

-H 

i — 1 

cd 

P 

R 

o 

cd 

B *"> 

P 

0 

R 

R 

£rj 

ft 

1 

R 

ft 

cq 

ft 

0 

0 a 

rH 

0 

CQ 

cd 

p 

ft 

ft  cd 

•H 

R 

ft 

i — 1 

ft 

qD 

P P 

O 

*H 

ft 

p 

O 

R 

R 

p 

O 

X 

R 

0 

0 

cd 

P 

R 

0 

R> 

ft 

r$> 

P 

P> 

P 

cd 

P 

■H 

0 

o 

p 

0 

H 

O 

P 

p 

278 


i 

i 

i 

! 


LU 


i 

q: 

LU 


LU 

O 


o 


o 

ir\ 

m 

ii 

a 

vo  * 
o 

i— H 

X 

C\J 

Lf\ 

II 


o 

O 

LU 


* 

8 

Od 

m 

vO 

H 

8 


LU 


C Q£ 


OO 

< 

o 


CO 


I—  00 

< Q 

LU 

3=  O 

< > 


O O 

So 

Sp 


279 


Figure  6 


LEE-SURFACE  HEATING  ON  CENTER-LINE  OF  A DELTA-WING 
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LEE-SURFACE  HEATING  ON  CENTER-LINE  OF  A DELTA-WING 

AND  A STRAIGHT -WING  ORBITER 
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DELTA-WING  ORBITER  STRAIGHT-WING  ORBITER 


D CENTER-LINE  SURFACE 
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CALCULATED  CENTER-LINE  SURFACE  TEMPERATURES  FOR 

TWO  SHUTTLE  GEOMETRIES 
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Figure  8 


AND  PROJECTED  FLIGHT  ENVIRONMENTS  FOR  DEHDA-WING  ORBITER 
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Figure  9 
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transfer  and  oil  flow  models  were  tested  in  the  Grumman  hypersonic  wind  tunnel. 
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MEASURED  HEAT  TRANSFER  COEFFICIENTS 
(Slide  3) 


Jh 

0 

0 

>4 

ft 

H 

ft 

0 

bO 

ft 

q 

q 

cd 

CD 

cd 

CO 

ft 

Jh 

0 

cd 

* 

o 

ft 

0 

-P 

u 

0 

o 

Jh 

ft 

-P 

0 

ft 

o 

Oh 

ft 

ft 

O 

:» 

CO 

ft 

ft 

no 

cd 

. — 1 

q 

ft 

cd 

0 

0 

0 

P 

0 

o 

0 

q 

u 

ft 

ft 

ft 

cd 

CD 

ft 

Jh 

cd 

o 

q 

ft 

0 

ft 

cd 

Jh 

ft 

o 

o 

q 

i — 1 

0 

ft 

ft 

•H 

0 

0 

ft 

i — l 

0 

cd 

I — 1 

•H 

cd 

■d 

S> 

Eh 

cd 

ft 

ft 

0 

0 

bD 

o 

a3 

q 

cd 

1 — i 

ft 

> 

0 

cd 

a 

ft 

o 

0 

q 

o 

0 

0 

V 

•H 

ft 

0 

ft 

H 

0 

o 

0 

• 

ft 

0 

ft 

0 

> 

ft 

0 

cd 

0 

u 

CD 

O 

0 

0 

-p 

q 

Jh 

0 

ft 

cd 

ft 

ft 

cd 

CD 

0 

0 

•H 

0 

ft 

EH 

0 

0 

•H 

ft 

0 

ft 

ft 

0 

Jh 

ft 

CD 

P 

CO 

0 

Eh 

cd 

Jh 

0 

ft 

ft 

0 

CO 

0 

cd 

■ 

q 

ft 

o 

ft 

ft 

0 

0 

•H 

Jh 

ft 

9 

u 

• 

o 

P 

3 

O 

0) 

a 

o 

0 

0 

ft 

q 

q 

ft 

o 

ft 

0 

0 

cd 

0 

0 

o 

CVJ 

0 

ft 

ft 

h 

Jh 

ft 

CO 

ft 

cd 

bp 

ft 

ft 

ft 

-p 

p 

cd 

ft 

ft 

ft 

a 

q 

q 

a) 

O 

0 

cd 

0 

0 

d 

0 

ft 

ft 

ft 

•h 

ft 

q 

•H 

0 

o 

cd 

q 

o 

q 

CD 

•H 

cd 

CD 

q 

ft 

o 

> 

cd 

ft 

0 

*H 

ft 

ft 

•h 

ft 

ft 

O 

ft 

ft 

jh 

q 

ft 

ft 

ft 

Pi 

CD 

ft 

ft 

0 

ft 

cd 

0 

cd 

0 

P 

cd 

0 

CD 

ft 

ft 

o 

O 

ft 

O 

ft 

O 

P 

u 

ft 

Jh 

CD 

ft 

CD 

cd 

•H 

CO 

cd 

0 

0 

cd 

CD 

ft 

• 

> 

Jh 

ft 

q 

ft 

Jh 

ft 

ft 

ft 

H 

O 

0 

0 

ft 

ft 

CD 

0 

0 

cd 

0 

ft 

q 

ft 

o 

ft 

0 

O 

ft 

p 

ft 

cd 

0 

ft 

0 

ft 

CD 

CD 

cd 

ft 

ft 

u 

q 

<3 

0 

q 

ft 

0 

0 

q 

ft 

cd 

P 

0 

cd 

JH 

i — I 

ft 

0 

Jh 

■*"3 

* — i 

Jh 

•s  0 

0 

0 

cd 

Jh 

ft 

ft 

bp 

-P 

0 

ftl 

CO 

u 

ft 

0 

cd 

0 

q 

CD 

W 

q 

ft 

ft 

0 

ft 

ft 

cd 

-P 

a 

q 

0 

ft 

ft 

cd 

cd 

cd 

0 

cd 

Jh 

to 

0 

0 

CD 

0 

0 

u 

0 

jh 

0 

fd 

0 

ft 

-H 

ft 

ft 

q 

ft 

> 

0 

ft 

■ft 

cd 

0 

ft 

cd 

!>> 

•H 

0 

q 

Jh 

0 

> 

ft 

q 

o 

jh 

0 

ft 

•H 

0 

d 

q 

cd 

5 

3 

ft 

0 

0 

ft 

d 

ft 

o 

0 

o 

q 

'ft 

> 

0 

0 

Q 

0 

a 

ft 

ft 

q 

i — ( 

o 

p 

q 

OD 

CO 

CO 

•h 

0 

O 

92 

0 

Jh 

i ft 

ft 

•H 

s 

ft- 

ft 

ft 

r~H 

O 

q 

0 

1 — 1 

0 

3 

0 

cd 

ft 

i *H 

Jh 

o 

0 

ft 

a 

q 

ft 

' — O 

cd 

q 

> 

CD 

•H 

cd 

< — i 

0 

CD 

Oh 

£ 

Jh 

cd 

ft 

cd 

0 

• 

h 

cd 

0 

3 

ft 

cd 

ft 

d 

P 

O 

3 

q 

ft 

w 

cd 

ft 

a 

i — I 

LT\ 

0 

ft 

O 

cd 

cd 

Jh 

• 

a 

cd 

LT\ 

a3 

CD 

1 *H 

ft 

ft 

o 

0 

0 

q 

Co 

> 

a> 

cd 

ft 

ft 

£ 

ft 

-p 

ft 

o 

Jh 

O 

a 

ft 

1 cd 

0 

bO 

ft 

o 

cd 

cd 

•H 

K> 

£ 

ft 

ft 

* q 

CO 

q 

CD 

0 

ft 

P 

o 

a; 

cd 

! fctO 

0 

0 

0 

0 

ft 

Jh 

cd 

i — 1 

■d 

ft 

cd 

ft 

i — i 

ft 

1 — 1 

d 

bO 

u 

0 

0 

ft 

ft 

i ft 

ft 

i 

ft 

bO 

q 

cd 

ft 

o 

0 

0 

* m 

bO 

q 

ft 

ft 

Pi 

ft 

ft 

cd 

0 

ft 

q 

ft 

cd 

CD 

0 

0 

> 

0 

• 0 

o 

♦H 

o 

1 — 1 

cd 

0 

Jh 

0 

Jh 

O 

i — ! 

1 ft 

•H 

£l 

ft 

0 

ft 

O 

p 

CD 

ft 

fell 

D ft 

ft 

q 

ft 

•ft 

ft 

i — 1 

ft 

o 

q 

to 

q 

r 

£ 

q 

o 

•H 

o 

cd 

H 

u 

■H 

a3 

i >4 

Jh 

0 

5 

a 

3 

cd 

3 

no 

ft 

u 

•h 

ft 

ft 

ft 

0 

0 

0 

0 

Jh 

■p 

i — i 

O 

cd 

ft 

■H 

a; 

ft 

! d 

ft 

ft 

cd 

q 

cd 

bp 

d 

q 

ft 

ft 

' 0 

ft 

Oh 

0 

CD 

0 

q 

0 

ft 

ft 

0 

a 

ft 

0 

•H 

0 

•H 

CD 

ft 

ft 

* *H 

q 

0 

O 

o 

Jh 

1 — 1 

ft 

ft 

o 

cd 

CO 

0 i — 1 

o 

cd 

O 

ft 

<3 

bO 

cd 

EH 

*H 

ft 

C 

; m 

•H 

ft 

q 

q 

o 

ft 

ft 

i a 

ft 

i — 1 

ft 

•h 

cd 

*H 

cd 

Cd  Jh 

cd 

ft 

0 

ft 

0 

b£>  o 

ft 

0 

o 

>> 

ft 

q 

O 

ft 

cd  a 

CO 

> 

o 

CD 

CD 

o 

296 


CYLINDRICAL 


297 


LEESIDE  HEAT  TRANSFER  COEFFICIENTS  AT  MODEL  STATIONS  WITH  EQUAL 
CROSS  SECTIONAL  AREAS  AND  RUNNING-LENGTH  REYNOLDS  NUMBERS 


RADIATION  EQUILIBRIUM  TEMPERATURE 
(Slide  4) 
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ture.  Thus;,  choice  of  either  the  cylindrical  or  pyramidal  shape  could  make  the  difference  between 
being  able  to  use  an  unprotected  load-carrying  titanium  structure  or  having  to  either  protect  it  or 
change  it  to  a heavier  material. 
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OBJECTIVES 
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and  Mach  number.  Finally,  apparatus  will  be  described  for  obtaining  the  identified  dynamic 
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Figure  5 
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Figure  6 
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Figure  8 
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Figure  10 
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Figure  14 
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SUMMARY  OF  CONFIGURATION  VARIABLES 
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that  low  value  for  supercritical  Reynolds  number.  Larger  amounts  of  corner  rounding  and 
increasing  Mach  number  reduce  the  Reynolds  number  required  to  obtain  supercritical  flow  with 
attendant  low  values  of  cross-flow  drag. 
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Figure  25 
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METHOD  FOR  OBTAINING  DYNAMIC  DERIVATIVES  HAS  BEEN  IDENTIFIED 


NOTATION 
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wing  reference  mean  aerodynamic  chord 


product  of  inertia  with  respect  to  body 
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horizontal  tail  deflection,  positive  with  trailing  edge  down 


rate  of  X axis  about  velocity  vector 


60 

c 

•H 

C 

o 

o 


*e- 


<ro  <ro  tx>  co 


o4  V-j  . 


372 


u 

4-» 

•H 

0)  mm 

CJ  rH 

i — l cd 

«H  *H 

CJ  u 

I -3 

'd 

1 

■rl  O 
32  0) 

d 4J 

CO 

0) 

0)  rM 

k CO 

(1) 

no 

M 

> 4M 

x5 

I- 1 

•H 

• 

4-J 

O rM 

o 

> 

g o 

* 2 

im  cd 

•H 

O 

o r*- 

XJ  32 

<u  d 

32 

M 

*H  On 

<3  o 

0) 

Pm 

CO  rM 

PM 

^ -rl 

> 

O 

0) 

no  4-J 

0) 

Pl  * 

oo  o 

0)  CJ 

n0 

33 

g r- 

d cd 

03  03 

0) 

£>•»  i-f 

•rl  PM 

PU  JM 

S 

i — 1 

co  1 

i r\ 

4-J  CO 

Li i 

CO  *H 
£ P 
3 2 

d co 
o d 
o 

U -H 
<U  4J 
33  cd 
6 o 
d *h 
55  H 
Pm 

CO  pm 

nO  <3 

Sx 

<u  $ 
Pi 


co 

n0 

*M 

CO 

d 

0) 

w 

cd 

u 

d 

S5 

0) 

•rl 

W 

o 

rM 

Pi 

d 

w 

0J 

CJ 

Pm 

no 

w 

•rl 

u 

2 

U 

cd 

d 

rM 

M 

d 

CJ 

S 

5m 

O 

•rl 

rM 

a 

J3| 

a 

o 

MM 

55 

o 

rM 

4-J 

cd 

o 

5m 

<0 

0) 

MM 

> 

MM 

0) 

w 

CO 

• • 

mm 

• 

O 

u 

CO 

no 

o 

5M 

-H 

cd 

4-J 

> 

CO 

•rl 

pa 

5m 

a) 

on 

<N 

I 


CO 

d 

I 

32 


00 
.5 

a 

•rl 
O PM 

cd  co 

5m 

o td 


co 


o 

O 

PM 

CO 

. 

. 

. 

rM 

C\J 

•H 

3) 


■ rO  r*l 

S tfl 
4-J  O 
* CO  g 

3i  c 

cd  32  03 
•rl  00  32 

(2  d +J 
>>  O O 
N 1m  Vi 
Sm  32  CD 
5 H <U 


o o 


Pi  4-J 
CO 
* a) 
1-1  H 

<u 

PM  4J 
0 32 
0)  PO 
t*i  *H 
i — l 

nd  Pm 

a 

cd  d 
o 


*>  rM  rM 

• Cd  o 
<:  3h 

O'  CM 


Pi 

H 

< 

CO 


*H 

cd 


a 

•H 


a) 

d 

•rl 

< — I 
d 
o 
53 

MM 

O 

5^ 

nO 

d 

•m 


OO 

d 

■H 

d 

o 

CJ 


d 

o 


£ 

<u 

pi 

MM 

O 


nO  * 
d O 
cd 

ON 
00  i— I 

d 

•rl  * 


4J  t-H 
CO  H 


5m 

O 

Mm 


CO  « 


a)  d 

* a 

••  cd 

• o 
31 

tt  ^ 

> 


• 

0 

CO 

4-J 

Pm 

d • 

0) 

<u 

•H  O 

<3 

PM 

g 

d 

co  r-. 

d 

32 

O on 

* • 

n0 

i — i 

O 

PM  rM 

• 

s 

o 

*-) 

g 

pa 

cd 

> 

V>1  r, 

■ 

CO  u 

rs 

ws 

** 

<D 

0J 

V 

rM 

rM 

33 

r> 

pa 

cd 

rM 

• O 

d 

• 

d 

<U 

CO  4-J 

o 

i-a 

H 

4-J 

a>  a 

CO 

d 

<U 

•rl  O 

*y 

0 

Pi 

4-J 

cd 

MM 

»“) 

•H  * 

<u 

MM 

<t 

v0 


4J 

32 

00 

*rl 


d 

32  OO 

o d 

1 

cd 

T— 1 

Wk 

• • 

L.B 

oo  <r> 
d m 

-H 

rM 

•v  no 

H 

<3 

s - 

<Tn 
^ O 

s § 
*rl 

MM 

•h  o\ 

d rM 

d 

a)  d co 

•sag 


3*J  CM 
Cd  I 

33  oi 

o 

H 


LT\ 


3i  4J 

Jj  O 

33  S 
O 
H 


VO 


4J 

d 

i — i 

> 

<u 

pi 


4J 

n 

cd 

CO 

d oo 

d 

00 

d 

0)  • 

4-» 

Mm 

0) 

d 

Pi 

•H 

cd  aj 

O 

•H 

p 

n0  ON 

U 0 

• 

p; 

O 1 

cd  d 

CO  rM 

CO 

•rl 

rH 

pq  m 

CM  rM 

<u  r-» 

OJ 

cd 

cd 

ON 

CM  O 

•rl  rM 

CO 

u 

d 

MM 

< > 

nO  CM 

CO 

u 

•rl 

o • 

O 1 

<! 

<13 

n0 

Ph 

i— 1 * 

pp  00 

PM 

d 

CO  pH 

03  rM 

vO 

9 9 

4-J 

a 

d d 

MM  rM 

t 

CO 

•H 

•rl  * 

d pi 

O CM 

J5 

4-J 

00 

0 ON 

d 5m 

d 

cd  3> 

h d 

CO  • 

4_) 

o 

o 

d on 

1 o 

CJ  PM 

Vj 

CO 

ra 

t>i  rM 

no  *”3 

•rl  PM 

a> 

<u 

nO 

d 

§ 

33 

o 

Pi 

5m 

cd 

O 

5m  1m 

cd  * 

e p 

o> 


CM 


■rl  CM  CM 
32  CO  Oh 

o 

CO 


t- 


C0 

d 

o 


cd 

o 


i ^ 

O <13 

0) 

•rl 

O 33 

5m 

i — 1 • 

0 

Pm 

PM  < — 1 

00  03  * 
d > 

d 

0 C" 
H ON 

•rl  O 

•rl 

rM 

>1  55 
n0 

d 

CO 

4-J  ^ 

d ^ 

o 

H O 

00 


ON 


373 


Stability  Testing. 


CONTROL  AND  HANDLING  QUALITIES  OP  SPACE  SHUTTLE  ORBITERS 


i 

1 


0 

bD 

d 

P 

cd 

u 

0 

d 

Fh 

0 

Fh 

•H 

A 

> 

0 

bO 

d 

& 

•H 

P 

Eh 

0 

? 

•H 

P 

0 

O 

o 

d 

d 

0 

P 

Eh 

w 

a 

0 

P 

«H 

0 

•H 

P 

P 

h 

P 

i — i 

Fh 

* 

a 

cd 

•N 

O 

bO 

P 

o 

P 

P 

•H 

0 

a 

•H 

d 

0 

P 

p 

P 

•H 

bD 

o 

P 

Eh 

d 

rj 

<D 

0 

o 

O 

cd 

g 

P 

Eh 

P 

d 

Eh 

O 

P 

■H 

0 

d 

•H 

t 

0 

U 

id 

Eh 

0 

PQ 

d 

0 

cd 

0 

0 

o 

Eh 

Eh 

d 

O 

• 

0 

•H 

o 

Eh 

0 

d 

Eh 

0 

•H 

0 

d 

0 

0 

P 

P 

1 

ace 

Vb. 

o 

0 

P 

P 

cd 

? 

o 

p 

•H 

0 

O 

p 

P 

P 

•H 

H 

a)  „ 

CO 

Eh 

0 

r— 1 

H c* 

o 

cd 

O 

d 

Ph 

cd 

g S 

p 

a 

p 

Ph 

.sf 

CO 

0 

bO 

d 

o 

cd 

P 

o 

d 

Fh 

0 

0 

0 

p 3 

u 

0 

cd 

0 

d 

5=3  ffl 

w 

P 

Fh 

0 

0 

o 

cd  m 

o 

»H 

I 

p 

P 

•H 

Eh 

P 

0 

Ph 

P 

p 

•V  f. 

Ph 

Eh 

0 

0 

•H 

2 al 

cd  _u> 

S 

O 

0 

0 

P 

0 

O 

0 

Eh 

d 

P 

d 

m 

H 

1 — 1 

0 

0 

o 

P 

cd 

^ § 
^ o 

e 

D 

-p 

d 

bD 

a 

cd 

) 

£ 

O 

0 

Eh 

> 

Eh 

P 

* C"1 

Pi 

p 

Fh 

i — 1 

0 

• 

6 

^ o 

f , 

o 

0 

t 

P 

0 

p 

0 

0 

0 

P 

rn  M 
w cd 

a <8 

§ CO 
JS  0 
^ Ph 

Eh 

0 

0 

P 

O 

Q 

0 

S 

p 

o 

P 

o 

a 

P 

H 

-p 

Eh 

0 

d 

p 

P 

p 

d 

l 

o 

p 

0 

p 

•rH 

£ 

d 

cd 

o 

3 ij 

O 

P 

0 

P 

d 

O 

i — 1 

0 

P 

Eh 

Eh 

p 

cd 

0 

0 

, 

'H 

CO 

on 

0 

d 

d 

0 

P 

0 

>> 

£ 

O rrt 

•rl 

p 

o 

ip 

O 

o 

p 

d 

0 

1 

cd 

P 

0 

Eh 

o 

P 

0 

d 

0 

P 

o 

0 

P 

H 

cd 

0 

^ s 

p 

bfl 

•P 

-p 

p 

0 

P 

d 

0 

cd 

P P 

d 

0 

0 

O 

cd 

0 

Eh 

Eh  ^ 

0 

0 

i 

d 

P 

cd 

0 

0 

i>> 

P 

P 

0 

0 

p 

i — 1 

0 

bD 

0 

0 

o 

•H 

Eh 

p 

cd 

o 

•H 

P 

d 

a 

P 

P 

P 

f3 

0 

p 

cd 

XI 

o 

*\ 

*\ 

i — 1 

P 

& 

p 

d 

0 

0 

i — 1 

O 

d 

•H 

H 

bD 

■i — f 

XI 

o 

cd 

p 

Ph 

d 

£ 

d 

P 

*H 

a 

cd 

o 

*H 

p 

Eh 

cd 

Eh 

Eh 

*H 

£ 

Eh 

0 

X 

t 

0 

P 

O 

0 

0 

0 

Ph 

Eh 

bO 

Ph 

0 

cd 

O 

P 

P 

Eh 

O 

Ph 

Ph 

•H 

JJ 

O 

0 

Eh 

P 

(P 

0 

0 

P 

0 

P 

0 

1 

■P 

cd 

0 

P 

£ 

P 

d 

M 

•s 

* — 1 

• 

O 

P 

•H 

CO 

d 

P 

i — 1 

E 

d 

Fh 

w 

0 

P 

H 

H 

0 

0 

0 

0 

O 

0 

P 

Eh 

Eh 

P 

■ P 

•H 

0 

P 

t 

P 

0 

P 

0 

Eh 

P 

d 

d 

cd 

P 

O 

P 

•H 

*rH 

Ph 

P 

375 


PAPER  11 


376 


o 

/o 


1/8 


0 

ft 

•H 

O 

0 

o 

ft 

ft 

0 

0 

O 

0 

IO 


n 


•i 

cd 

a 


3 

kI 

o 


-p 

a 

0 

0 

ft 

ft 

CD 

O 

o 

-p 

£ 

CD 


I 

bO 

a 

■H 

a 

8 


ro 

o 


0|CQ_ 
/D  1^0 

II 

ca 

N> 

o 


-p 

a 

0 

■H 

O 

•H 

ft 

ft 

0 

O 

0 

•P 

Sh 

0 

1 

w 

a 


o 

•P 

•H 

ft 


O 

/O 


■6. 

!a< 

V-/ 


■P 

P 

0 

•H 

O 

•H 

ft 

ft 

0 

O 

o 

-p 

a 

0 


a 

i 

ttO 

i 


a 

ro  \ro 


ca 


j i / 


a 

o 


ii 

ca 

£ 

o 


*H 

CQ 

ca 

ro 

O 

Nl  M 

H |H 


m 

Q 

a 

ca 

a 

o 


a 

& 


c? 


0 

% 

-p 

*H 

H 

cd 


cd 

♦H 

€ 

0 

a 

•H 

ft 

0 

0 

-p 

0 

1 


CO 

a 

cd 

bD 

0 

cd 

€ 

0 

0 

ft 


0 

•H 

•P 

0 

ft 

w 

1 

-p 

ft 


ca 

W 

1 

N 

H 

rT 

M 

H 

pT 

fc== 


Mach  number 


Mx,Mz  moments  about  roll  and  yaw  axes,  respectively 


p 
•H 
O 
O 
i— I 
0 
> 

d 

o 

u 


p 

•H 

O 

O 

iH 

0) 

t> 

P 

o 

-p 

•H 

ft 


>> 

p 

•H 

CJ 

0 

>> 

i— 1 

P 

0 

*H 

> 

O 

0 

o 

£ 

a 

H 

3 

•H 

0 

P 

P 

O 

cti 

P 

-P 

cd 

<P 

0 

0 

1 


ft 
•H 
i — l 
cfl 
Q) 
'll 
•H 
0 

P 

O 

hO 


S 

P 

a 

<D 

i — 1 

Vi 

0 

P 

H 

•r! 

Cfl 

-P 

I 

i — 1 

Cti 

3 

O 

tsl 

t 

P 


•ca 


•r! 


& 


0 


0 

i— I 

hQ 


P 

•rl 

o 

& 

0 


calp 

'dl'd 


ft 


ca  .ca 


W 


60 


• ca 


0 


TSk 

0 TQs. 


a 


377 


C 

§ 

P 

0 


G 

P 

0 

a 

P 

cd 

O 

p 

cd 

p 

G 

cd 

cd 

P 

P 

t) 

o 

CD 

0 

P 

i — i 

P 

t*» 

G 

G 

cd 

O 

>5 

P 

G 

CD 

P 

to 

G 

cd 

0 

P 

0 

CD 

P 

G 

P 

cd 

»v 

P 

G 

(D 

0 

P 

• 

P 

G 

G 

*H 

0 

w 

P 

to 

G 

0 

0 

0 

G 

0 

Pa 

P 

0 

•H 

CO 

£ 

P 

0 

FQ 

P 

•G 

P 

G 

*H 

0 

O 

r— 1 

0 

P 

cd 

cd 

G 

P 

P 

cr 

Ph 

0 

0 

g1  8 a 

•H 

O 

g 

r— 1 

a 

G 

<-'“N 

cd 

Pj 

>> 

P 

g 

G 

0 

0 

s — 

P 

P 

0 

P 

3 

0 

,r7> 

cd 

G 

£ 

G 

0 

P 

P 

P 

0 

•H 

o 

>5 

P 

IP 

G 

G 

P 

O 

§ 

G 

0 

h0 

a 

0 

G 

•H 

G 

•H 

G 

£ 

0 

0 

G 

P 

•H 

P 

r— 1 

hO 

P 

0 

•H 

p 

0 

cd 

G 

cd 

G 

O 

P 

P 

P 

0 

0 

0 

P 

0 

P 

P 

P 

P 

P 

h0 

P 

G 

G 

O 

O 

O i — 1 

0 

0 

•H 

P 

0 

•H 

<j 

P 

o 


G 

O 

•H 

P 

•H 

0 

G 

cd 

G 

p 

u 

P 

G 

O 

CQ 

P 

G 

0 

0 

P 

P 


> 

o 

0 

& 

•H 

-p 


P 

P 

P 

P 

E H 

P 

•H 

P 

P 

O 

h0 

0 

0 

•H 

0 

• 

0 

G 

i — 1 

Pa 

*" N 

P 

0 

P 

0 

p 

G 

P 

0 

P 

£ 

hp 

O 

0 

*H 

G 

*H 

p 

P 

0 

•H 

G 

i — 1 

P 

O 

o 

cd 

•n 

'H 

0 

o 

P 

r—{ 

P 

O 

G 

hD 

G 

cd 

P 

0 

o 

G 

G 

in 

p 

05 

•H 

O 

V <*■ 

cd 

P 

0 

0 

•s 

P 

0 

G 

p 

cu 

G 

cd 

g 

P 

0 

O 

LT\ 

II 

•H 

G 

P 

i — 1 

P 

0 

S 

H 

G 

P 

cd 

*H 

0 

r— 1 

p 

G 

0 

cd 

p 

i — 1 

•H 

P 

o 

cd 

cd 

<5 

P 

*H 

P 

£ 

0 

0 

P 

G 

•H 

P 

g 

G 

•H 

X 

cd 

cd 

o 

*H 

0 

p 

s 

G 

P 

p 

0 

Pa 

p 

0 

Pa 

G 

G 

G 

♦H 

cd 

•H 

•H 

0 

378 


COMPARISON  OF  C,  REENTRY  TRAJECTORIES  OF 

‘-max 

STRAIGHT-WING  ORBITER 

SUPERSONIC  AND  SUBSONIC  TRANSITION  MANEUVERS 


379 


VELOCITY,  km/sec  TIME,  sec 


EH 

K 

8 

S! 


CO 


OJ 

0 


& 


'Cf 

0 

ft 

ft 

0 

o 

d 

p 

d 

0 

03 

P 

CO 

0 

•H 

d 

a 

ft 

C 

0 

H 

HZ* 

0 

d 

< 

O 

d 

d 

ft 

0 

? 

O 

0 

0 

o 

ft 

cd 

6 

O 

ft 

P 

•h 

r 

d 

ft 

d 

• 

ft 

0 

-p 

0 

to 

0 

0 

0 

P 

•h 

d 

p 

ft 

ft 

d 

ft 

ft 

0 

cd 

>> 

d 

O 

3 

o 

d 

H 

»h 

d 

O 

bD 

P 

cd 

d 

i — 1 

P 

ft 

ft 

bD 

d 

0 

cd 

d 

<H 

d 

d 

-p 

ft 

o 

0 

o 

ft 

a 

o 

•H 

•H 

p 

0 

d 

0 

o 

p 

d 

p 

P 

■d 

0 

P 

ft 

d 

cd 

a 

a 

ft 

ft 

ft 

0 

o 

P 

■h 

d 

o 

p 

< 

P 

0 

ft 

o 

•h 

<H 

P0 

ft 

t»D 

<H 

ft 

O 

ft 

d 

0 

cd 

ft 

'ft 

p 

• 

a 

ft 

•rH 

d 

d 

0 

0 

d 

£ 

d 

d 

0 

ft 

0 

d 

0 

1 

d 

•h 

ft 

p 

cd 

p 

P 

o 

0 

0 

0 

p 

0 

d 

ft 

'rl 

0 

p 

ft 

P< 

0 

ttO 

P 

ft 

cd 

ft 

Pi 

Pi 

ft 

a3 

ft 

o 

>5 

P 

p 

cd 

cd 

u 

cd 

•h 

ft 

w 

0 

O 

d 

3 

P 

ft 

ft 

ft 

ft 

ft 

ft 

P 

bO 

0 

d 

d 

d 

0 

ft 

0 

ft 

d 

ft 

O 

_o 

0 

u 

d 

P 

0 

cd 

>5 

ft 

& 

d 

0 

ft 

P 

o 

ft 

cd 

o 

o 

>i 

0 

d 

ft 

ft 

ft 

d 

rft 

o 

ft 

i — t 

a3 

ft 

ft 

CP 

i — 1 

p 

w 

d 

d 

ft 

0 

0 

p 

d 

i — J 

■ o 

*H 

P 

ft 

•H 

bD 

cd 

O 

0 

cd 

cd 

<3i 

P 

ft 

d 

i — 

* ft 

0 

ft 

P 

ft 

ft 

ft 

c 

) 0 

cd 

0 

0 

0 

ft 

d 

F- 

< ft 

d 

p 

0 

*s 

cd 

o 

ft 

► d 

*•>. 

•h 

ft 

0 

P 

ft 

0 

£ 

: 0 

0 

'P 

P 

*p 

d 

C 

> 0 

Z) 

* — l 

0 

p 

0 

0 0 

0 

0 

d 

ft 

0 

d 

d 

d 

cd 

P 

o 

O 

ft 

0 

o 

o 

0 Pi 

0 

ft 

P 

0 

0 

•h 

■h 

•r- 

d 

0 

0 

bD 

d 

ft 

B 

i 0 

0 

•s 

o 

0 

d 

cd 

ft 

cd  d 

d 

d 

ft 

•H 

ft 

cd 

> 

p 

CD 

0 

•h 

P 

d 

d 

ft 

> 

0 

o 

d 

cd 

ft  0 

>> 

0 

*H 

0 

d 

0 

c 

> 0 

< ~i 

*T“ 

pc 

0 

d 

u 

ft 

d 

d 

1 ft 

ft 

O 

bD 

0 

0 

g 

H 

0 ft 

H 

P 

d 

P 

ft 

o 

0 

cd  0 

ft 

cd 

O 

d 

i — i 

0 

ft 

P 

** 

d 

cd 

0 

> 

• 

> 

> d 

cd 

0 

d 

ft 

d 

0 

i — 

1 a 

4-5 

d 

a 

cd 

P 

d 

d 

bD 

£ 

i ft 

0 

0 

ft 

<1 

cd 

a 

d 

0 

• O 

d 

P 

£ 

o 

cd 

cd 

O 

0 

d 

bi 

3 d 

i — 1 

P 

* 

P 

P 

d 

! cd 

0 

d 

d 

0 

b0 

ft 

ft 

*h 

! P 

•h 

0 

0 

d 

•H 

a 

0 0 

P 

P 

P 

a 

d 

P 

ft 

td 

d 

p 

0 

ft 

o 

t»o 

o 

-p 

0 

a 

ft 

0 

ft 

d 

i ft 

•s 

j«|jj 

d 

i 

ft 

P 

w 

cd 

0 d 

d 

•H 

tjO 

P 

ft 

I 

> 

o 

0 

d 

d 

0 

ft 

ft 

d 

! 0 

P 

0 

0 

ft 

P 

P 

O 

O 

0 

* P 

& 

i — 1 

ft 

P 

P 

5 

\ 

d 

d 

o 

P 

o 

O 

ft 

0 

0 

d 

i — j 

cd 

p 

ft 

P 

0 

i — 1 

g 

1 

•H 

•H 

O 

bp 

tiO 

P 

-p 

d 

ft 

d 

d 

d 

d 

d 

0 

cd 

cd 

0 

■h 

0 

cd 

o 

1 ft 

cd 

f> 

0 

'P 

> 

*h 

ft 

••s 

ft 

ft 

> — S 

0 

0 

ft 

d 

0 

0 

d 

0 

0 

P 

•h 

o 

0 

0 

-p 

O 

> 

0 

ft 

0 

Pi 

ft 

> 

■h 

0 

P 

ft 

ft 

d 

0 

d 

d 

d 

d 

ft 

p 

ft 

ft 

cd 

0 

o 

d 

CP 

0 

0 

cd 

d 

d 

d 

0 

0 

ft 

H 

w 

o 

ft 

d 

P 

0 

d 

0 

* 

P 

O 

d 

vo 

ft 

CO 

0 

d 

d 

w 

d 

O 

GO 

P 

o 

d 

o 

d 

P 

j5 

ft 

0 

P 

0 

& 

bD 

d 

0 

P0 

I! 

£ 

d 

c r 

0 

P 

p 

ft 

O 

o 

d 

ft 

ft 

p 

a 

Pi 

CO 


ft 

cd 

d 

0 

> 

d 

0 

d 


380 


ov  subsonic  spee< 


LONGITUDINAL  STABILITY  CHARACTERISTICS 
OF  NAR  I30G  STRAIGHT- WING  ORBITER 


382 


THEORETICAL  TRAJECTORY  AND  MOTION  ANALYSIS 
= 2.0  a TRANSITION  MANEUVER  OF  NAR  130G  STRAIGHT-WING  ORBITER 


383 


TIME,  sec  TIME,  sec 


CD 

<P 

CD 

P 

O 

•H 

0) 

P 

P 

B 

CD 

cd 

CD 

P 

cd 

cd 

P 

P 

p 

Pi 

0) 

P 

O 

P 

cd 

3 

P 

•H 

O 

p 

Pi 

CD 

P 

P 

p 

P 

0 

cd 

CD 

<D 

£ 

p 

P 

O 

p 

P 

0 

a1 

•H 

p 

EH 

p 

P 

p 

CD 

P 

p 

CD 

CD 

CD 

P 

P 

0 

CD 

•H 

«\ 

pd 

• 

P 

•H 

p 

P 

P 

p 

a 

O 

CD 

0 

CD 

0 

Eh 

>5 

a) 

p 

H 

P 

•rl 

H 

-P 

p 

1 — f 

Pi 

O 

P 

FQ 

/■ — x 

CD 

P 

a 

cd 

cd 

e 

oa 

P 

CD 

0 

O 

P 

p 

o 

P 

•H 

'H 

P 

O 

3 

P 

0 

<H 

CD 

p 

0 

o 

V — ^ 

CD 

0 

B 

cd 

P 

P 

P 

B 

H 

<h 

>> 

H 

P 

1 — 1 

p 

m 

3: 

0 

a> 

P 

cd 

cd 

CD 

1 

p 

^ x 

P 

P 

EH 

CD 

•H 

ca 

• 

•H 

0 

P 

d 

W 

a 

> 

P 

P 

*H 

P 

O 

p 

O 

O 

P 

P 

P 

O 

H 

0 

P 

V S 

0 

CD 

O 

P 

? 

p 

Pi 

ED 

CD 

0 

P 

0 

p2 

<H 

P 

S3 

p 

•rf 

rH 

Eh 

p 

O 

0 

0 

•rf 

£ 

CO 

•H 

-P 

> 

P 

0 

CD 

•rf 

• 

P 

O 

V, 

CD 

P 

P 

>> 

1 — 1 

CD 

P 

O 

0 

O 

H 

P 

cd 

■» 

tSJ 

•H 

d 

CD 

•H 

P 

d 

P 

H 

*H 

P 

> 

•H 

rH 

0 

cd 

P 

CD 

•H 

p 

PC 

cd 

•H 

0 

P 

P 

td 

1 — 1 

<d 

s 

P 

> 

O 

cd 

H 

i — 1 

rH 

P" 

CD 

•rH 

•rf 

P 

cd 

rH 

P 

-P 

P 

P 

CD 

0 

cd 

F3 

(D 

CD 

O 

*H 

£ 

P 

p 

0 

ffi 

cd 

CD 

<H 

p 

cd 

♦rl 

Eh 

P 

CD 

5 

O 

<P 

O 

P 

Cn 

P 

3 

Pi 

O 

p 



O 

fe 

#r-J 

cd 

p 

H 

cd 

vo 

CD 

O 

PH 

0 

CD 

CD 

P 

• 

P 

CD 

P 

t> 

P 

0 

0 

O 

cd 

O 

CD 

Pi 

Eh 

•rf 

•H 

• 

1 — 1 

0 

If 

P 

H 

P 

P 

>> 

•V 

p 

CD 

P 

CD 

P 

O 

CD 

CD 

cd 

s 

H 

•H 

CD 

P 

P 

P 

0 

P 

FQ 

P 

P 

CD 

O 

P 

*H 

0 

< 

CD 

•rf 

P 

O 

p 

>5 

P 

Eh 

-P 

a1 

P 

P 

p 

iH 

•rl 

CO 

O 

P 

<D 

O 

•rf 

1 — f 

P 

cd 

P 

P 

O 

•rf 

cd 

a1 

P 

P 

cd 

<P 

•rf 

P 

P 

0 

0 

<g 

3 

P 

CD 

£ 

•H 

P 

5 

P 

0 

1 — 1 

O 

P 

O 

p 

0 

O 

*H 

1 — I 

•rf 

Pi 

P 

0 

CO 

M 

§ 

0 

P 

CD 

CD 

•rf 

EH 

1 1 

3 

P 

0 

P 

P 

O 

cc5 

p 

Pi 

r— 1 

CD 

P 

P 

P 

P 

>> 

P 

cd 

0 

0 

CD 

O 

Ph 

O 

p 

O 

CD 

P 

•rl 

H 

•H 

0 

P 

CD 

p 

r-f 

>> 

P 

Q 

-P 

p 

P 

p 

•rf 

3 

P 

cd 

CJ 

CD 

Q 

cd 

> 

O 

p 

1—3 

CD 

cd 

a 

>> 

P 

P 

<r 

P 

CD 

*H 

P 

0 

O 

0 

Ph 

•H 

0 

p 

P 

P 

cd 

a 

HH 

•rl 

p 

P 

P 

P 

<P 

B 

Eh 

-P 

•H 

O 

CD 

p 

< 

1 1 

cd 

0 

P 

•rl 

cd 

P 

cd 

p 

P 

CD 

P 

P 

P 

CD 

0 

CD 

0 

cd 

;>> 

CD 

P 

p 

CD 

> 

CO 

p 

P 

CD 

0 

1 — 1 

O 

0 

•rl 

ed 

P 

•H 

cd 

P 

£ 

0 

rH 

H 

P 

P 

S> 

O 

P 

•H 

<d 

P 

cd 

P 

CD 

CO 

a 

0) 

P 

cd 

P 

0 

•H 

> 

S>> 

0 

P 

EH 

P 

X 

•rf 

P 

P 

rH 

CD 

■rl 

0 

P 

✓ — X 

O 

a 

P 

p 

cd 

ca 

•H 

•rf 

0 

S 

Pi 

ED 

p 

P 

P 

a 

O 

Pi 

0 

0 

O 

0 

0 

a 

cd 

P 

a 

> 

CD 

384 


cn 

CD 

TD 

a 


1 


385 


Figure  4 


PILOTED  SIMULATION  HANDLING  QUALITIES  EVALUATION 


rH 

o 

P 

O 

• 

0 

p 

p* 

co 

0 

p 

II 

0 

P 

0 

PI 

•H 

o 

P 

o 

P 

P 

p 

bO 

o 

a 

p 

p 

0) 

p 

•H 

0 

i — i 

p 

p 

CO 

£ 

Cu 

cd 

0 

p 

P 

X 

TV) 

a 

Pi 

P 

S 

0 

•H 

O 

0 

rH 

P 

CO 

Pi 

PI 

P 

p 

•H 

cd 

O 

o 

cd 

cd 

CO 

i — 1 

a 

•H 

•H 

i — 1 

*H 

cd 

P 

P 

g 

O 

0 

*\ 

a 

O 

•H 

O 

0 

O 

a 

to 

•H 

co 

co 

bD 

p 

&q 

0 

Pi 

CO 

CO 

•H 

P 

p 

a 

cd 

Eh 

0 

P 

0 

P 

P 

H 

•H 

P 

P 

p 

co 

0 

o 

s 

P 

Pi 

p 

a 

S> 

a 

a 

P 

0 

a 

bD 

o 

P 

w 

H 

0 

a 

CO 

o 

P 

0 

p 

a 

•H 

o 

•H 

P 

jH 

O 

cd 

P 

0 

P 

bO 

0 

P 

a 

cd 

M 

p 

CQ 

i — 1 

P 

0 

t2 

CD 

a 

a 

CU 

0 

P 

l 

£ 

•H 

>? 

p 

a 

a 

P 

o 

P 

O 

P 

o 

P 

a 

p 

cd 

o 

o 

Pi 

p 

p 

•N 

a 

M 

•H 

0 

•H 

CO 

0 

p 

< 

P 

a 

CU 

o 

o 

•H 

CO 

o 

a 

p 

EH 

CO 

P 

0 

p 

cd 

p 

CQ 

a 

P 

p 

P 

P 

0 

CO 

o 

o 

P 

0 

P 

p 

O 

P 

p 

cd 

a 

a 

o 

-P 

P 

P 

Pi 

■H 

p 

o 

N~\ 

P 

•H 

P 

CO 

p 

rH 

/ >. 

a 

0 

0 

•rH 

LT\ 

*H 

P 

0 

>> 

0 

9 

p 

fr! 

a 

•rH 

P 

P 

P 

0 

<r 

0) 

o 

> 

rH 

O 

i — i 

p 

p 

W 

O 

* 

a 

a 

cd 

*H 

H 

P 

Pi 

CO 

o 

P 

a 

pH 

oO 

a) 

P, 

o 

•H 

0 

0 

& 

o 

■H 

Pu 

Ph 

P 

t> 

p 

0 

pH 

a 

CO 

P 

P 

cd 

cd 

p 

CO 

CO 

a 

♦H 

P 

i — 1 

p 

£ 

Pi 

•9 

CO 

[V] 

P 

cd 

O 

0 

cd 

p> 

P 

0 

p 

p 

a 

£ 

P 

■H 

i — 1 

bO 

o 

m 

s 

o 

Pi 

P 

CO 

p 

§ 

•H 

•H 

0 

0 

«H 

o 

p 

P 

0 

P 

rH 

CD 

0 

£4 

p 

0 

•H 

P 

f> 

cd 

bO 

3 

P 

CU 

ctf 

P 

0 

a 

0 

O 

•H 

0 

P 

P 

0 

M 

O 

P 

P 

p 

P 

P 

E-t 

O 

Eh 

o 

0 

o 

P 

M 

co 

p 

0 

cd 

P 

CO 

CO 

•H 

CD 

•H 

a 

id 

• 

04 

co 

0 

3 

P 

p 

*N 

p 

Ph 

co 

O 

O 

0 

0 

P 

£ 

Eh 

0 

P 

P 

P 

p 

0 

•H 

a 

rd 

P 

b0 

P 

•N 

d 

P 

H 

•H 

o 

P 

•H 

2 

0 

P 

P 

*H 

0 

i — 1 

a 

p 

0 

P 

> 

Ph 

a 

*R 

•H 

P 

0 

0 

0 

O 

a, 

CO 

a 

0 

P 

P 

£ 

cH 

P 

•H 

P 

P 

CU 

O 

cH 

P 

W 

bO 

0 

O 

P 

CO 

a 

p 

co 

cd 

< 

•H 

o 

cd 

o 

. 

i — i 

£ 

. 

P 

•H 

cu 

0 

• 

i — l 

fl 

cu 

PI 

a 

p 

i — l 

CO 

O 

{1 

p 

p 

cd 

p 

a 

*H 

o 

bD 

0 

o 

P 

s 

p 

•H 

•rH 

0 

p 

cd 

p 

rH 

a 

p 

0 

P 

0 

P 

o 

EH 

0 

Pi 

p 

Cu 

CO 

P 

0 

cd 

d 

p 

Pi 

£4 

0 

0 

qD 

P 

p 

£ 

Cu 

P 

3 

Pi 

0 

o 

a 

O 

cd 

a 

£ 

i — i 

to 

a 

O 

cd 

•H 

P 

a 

CO 

p 

P 

O 

•H 

0 

CO 

p 

0 

co 

p 

CO 

cd 

P 

CO 

0 

p 

P 

0 

a 

0 

0 

p 

0 

o 

P 

•H 

P 

H 

a 

> 

•H 

O 

a 

> 

CO 

a 

P 

a 

o 

bD 

0 

CO 

a 

0 

a 

p 

p 

o 

•iH 

p 

P 

a 

a 

i — 1 

P 

p 

o 

0 

CO 

cd 

p 

0 

o 

P 

p 

o 

0 

p 

0 

p 

o 

> 

0 

0 

p 

cd 

p 

p 

•HD 

CU 

p 

I — 1 

cd 

•N 

CO 

0 

P 

o 

p 

a 

0 

bO 

p 

P 

c*— 

p 

o 

H 

a 

p 

o 

p 

P 

•H 

0 

0 

p 

p 

cd 

p 

p 

P 

CO 

!>> 

cd 

o 

P 

a 

p 

CO 

i — I 

P 

O 

0 

P 

!» 

CO 

H 

P 

a 

a 

P 

p 

0 

i — i 

H 

a 

o 

•H 

•H 

•H 

CO 

cd 

1 — 1 

H 

rH 

bO 

> 

CO 

•rH 

•H 

P 

a 

•H 

P 

P 

P 

•H 

a 

cd 

0 

•H 

p 

•H 

0 

0 

P 

i — 1 

cd 

H 

P 

CO 

0 

P 

P 

0 

P 

•rH 

CU 

0 

•H 

0 

P 

0 

P 

-a 

P 

*\ 

0 

0 

o 

cd 

0 

P 

•H 

l> 

CO 

H 

a 

t> 

0 

P 

•H 

p 

P 

cd 

CO 

o 

CU 

cd 

0 

P 

r— { 

*H 

CU 

p 

P 

cd 

0 

P 

P 

bD 

P 

P 

P 

P 

0 

CO 

o 

CU 

CO 

CO 

cd 

0 

P 

P 

•H 

0 

£ 

P 

*H 

cd 

p 

P 

P 

W 

a 

cd 

P 

•H 

i 

0 

o 

ca  P 

cd 

P 

P 

p 

r°  O 

P 

O 

0 

CO 

o 

p 

P 

P 

I» 

a 

0 

P 

. 

O 

CO 

•H 

P 

0 

a 

o 

p 

a 

P 

cd 

P 

o 

bD 

o 

o 

CO 

cd 

O 

a 

( — i 

cd 

H 

P 

H 

•H 

p 

0 

CO 

O 

0 

cd 

P 

p 

a 

a 

a 

P 

0 

a 

cd 

a 

0 

O 

P 

*rr) 

•H 

P 

cd 

a 

p 

•H 

a 

a 

Q_i 

0 

0 

P 

o 

p 

£>> 

0 

•V 

> 

p 

cd 

0 

p 

Eh 

g 

CO 

o 

p 

0 

0 

p 

o 

•rH 

CQ 

o 

•H 

p 

a 

P 

O 

•H 

« 

p 

a 

< 

a 

K 

a 

P 

* 

•H 

•H 

•H 

o 

0 

H 

cd 

CO 

P 

CD 

f — i 

• 

i — f 

p 

cd 

o 

a. 

cd 

>> 

cd 

P 

a 

0 

p 

•H 

i — i 

•H 

P 

CO 

* 

p 

CO 

O 

* — i 

P 

•H 

a 

p 

bO 

•iH 

cd 

•H 

0 

0 

cd 

0 

a 

P 

*H 

a 

p 

P 

P 

•H 

•H 

P 

•rH 

P 

p 

CQ 

co 

cd 

P 

a 

0 

0 

i — 1 

P 

cd 

0 

> 

bD 

•H 

P 

P 

cd 

P 

P 

a 

a 

P 

0 

co 

H 

0 

o 

H 

•H 

f> 

P 

a 

P 

a 

1 — f 

p 

H 

a 

a 

0 

a 

cd 

a 

P 

•H 

0 

0 

p 

CO 

• 

a 

P 

P 

a 

H 

p 

0 

a 

a 

cd 

cd 

• — i 

bO 

0 

a 

o 

P 

a 

0 

0 

cd 

*H 

p 

o 

to 

O 

• 

> 

CO 

a 

p 

a 

o 

X 

0 

0 

a 

o 

a 

•H 

•<H 

0 

i — i 

P 

CO 

^ w 

o 

a 

p 

CU 

i — i 

p 

bD 

i — 1 

o 

co 

cd 

a 

0 

0 

P 

P 

cd 

CO 

0 

P 

•H 

P 

a 

0 

a 

p 

P 

•H 

p 

a 

O 

a 

o 

0 

cd 

CO 

p 

CO 

O 

0 

•H 

p 

o 

0 

0 

m 

IP 

Is 

P 

a 

•H 

P 

\> 

o 

0 

0 

CO 

P 

a 

P 

p 

0 

a 

CO 

0 

p 

i — 1 

P 

p 

•H 

•rH 

a 

0 

0 

a 

•H 

a 

cd 

P 

P 

cd 

H 

-P 

a 

p 

P 

p 

386 


PILOTED  SIMULATION  HANDLING  QUALITIES  EVALUATION 
a TRANSITION  MANEUVERS  OF  NAR  130G  STRAIGHT-WING  ORBITER 


bD 

ft 

P 

a 

d 

p 

■rH 

P 

0 

o 

0 

O 

ft 

0 

•H 

ft 

ft 

ft 

-p 

ft 

P 

ft 

0 

P 

d 

g 

d 

Q 

0 

ft 

d 

g 

0 

0 

P 

P 

0 

ft 

X 

0 

bD 

0 

0 

-p 

0 

g 

o 

O 

P 

•rH 

Q) 

•H 

P 

o 

g 

•s 

o 

cd 

P 

ft 

ft 

cd 

>> 

-p 

O 

i 

P 

1 — 1 

CO 

0 

P 

>> 

0 

0 

P 

ft 

•H 

ft 

ft 

ft 

& 

EH 

d 

•H 

-P 

ft 

P 

i — ! 

P 

ft 

0 

•rH 

ft 

CO 

* 

O 

ft 

•s 

ft 

o 

P 

ft 

0 

CO 

d 

0 

o 

ft 

• 

CO 

V J 

p 

ft 

•H 

ft 

ft 

P 

0 

CO 

pc. 

o 

-P 

ft 

o 

g 

o 

p 

r- 

i 

•H 

d 

o 

-p 

bD 

0 

h- 

i 

ft 

P 

P 

1 — 1 

o 

d 

o 

( — I 

i 

d 

O 

P 

o 

i — 1 

P 

o 

> 

P 

ft 

bD 

p 

0 

P 

ft 

•H 

h- 

i 

■iH 

•H 

ft 

P 

•^ 

ft 

i 

g 

CO 

ft 

p 

cd 

P 

0 

> 

P 

0 

P 

o 

CO 

•H 

> 

<c 

0 

*H 

O 

o 

0 

-P 

ft 

o 

to 

d 

£ 

0 

ft 

1 

0) 

•H 

ft 

0 

O 

ft 

c 

ft 

i — 1 

bD 

p 

ft 

P 

P 

ft 

Mh 

d 

P 

d 

ft 

o 

Eh 

CD 

P 

•rH 

to 

d 

ft 

cd 

£ 

*\ 

0 

ft 

0 

o 

O 

-P 

1 

0 

0 

■H 

bO 

d 

-p 

ft 

CO 

ft 

P 

ft 

•rH 

ft 

P 

0 

o 

i 

(D 

•H 

H 

rH 

■rH 

ft 

•H 

ft 

rH 

0 

•rH 

P 

CO 

ft 

P 

ft 

ft 

ft 

• 

0 

CO 

i — 1 

p 

d 

0 

> 

g 

b 

i ^ 

o 

d 

0 

ft 

bD 

0 

P 

Eh 

vo 

CD 

ft 

ft 

CO 

P 

ft 

ft 

0 

H 

1 

P 

ft 

cd 

P 

CO 

ft 

ft 

' (1) 

ft 

ft 

P 

d 

>> 

0 

y h 

o 

ft 

0 

CO 

d 

p 

CO 

o 

P 

o 

ft 

0 

P 

oD 

0 

bO 

d 

P 

0 

ft 

r — 1 

d 

' *H 

Ch 

i — 1 

P 

0 

£ 

o 

1 

& 

§ 

O 

P 

ft 

0 

K 

V / 

P 

ft 

ft 

P 

CO 

ft 

ft 

’rH 

o 

0 

P 

g 

g 

J> 

ft 

ft 

0 

ft 

o 

0 

Eh 

d 

o 

0 

p 

ft 

a 

ft 

EH 

p 

p 

ft 

0 

ft 

H 

CO 

a 

O 

ft 

o 

ft 

i — f 

0 

!>> 

o 

P 

bO 

o 

0 

p 

ft 

s 

£ 

ft 

ft 

CO 

pj 

ft 

*H 

o 

O 

1 — 1 

ft 

ft 

CO 

ft 

o 

s 

ft 

b 

p 

5P 

p 

o 

p 

P 

£ 

o 

P 

o 

ft 

d> 

d 

O 

•H 

o 

•H 

0 

p 

j 

CO 

P 

ft 

p 

ft 

p 

o 

<3 

CO 

w 

d 

ft 

d 

o 

0 

Bh 

d 

(D 

CO 

P 

ft 

» — I 

ftl 

ft 

O 

•rH 

i — ! 

P 

ft 

ft 

d 

, 

0 

ft 

CD 

d 

to 

o 

o 

CO 

n 

P 

p 

> 

p 

rH 

d 

£ 

P 

o 

0 

o 

cd 

p 

o 

•H 

CO 

•rH 

•rH 

a 

o 

0 

i — i 

0 

ft 

rH 

ft 

•H 

N 

i — ! 

0 

bD 

P 

0 

d 

CO 

CO 

•H 

O 

bO 

P 

0 

P 

P 

0 

CO 

CO 

ft 

P 

d 

ft 

P 

P 

■H 

p 

d 

ft 

ft 

P 

So 

ft 

a 

ft 

ft 

o 

d 

ft 

•r~\ 

■f — i 

CO 

p 

ft 

o 

1 

ft 

r— 1 

■H 

d 

d 

P 

i — i 

ft 

p 

d 

ft 

d 

ft 

o 

i — i 

P 

o 

P 

p 

P 

•H 

< 

•H 

o 

cd 

ft 

O 

j|j 

0 

ft 

> 

0 

•H 

o 

o 

d 

CO 

bO 

ft 

ft 

0 

CD 

P 

• 

CO 

— 

P 

•H 

d 

P 

P 

P 

p 

•H 

g 

0 

0 

bD 

o 

o 

rH 

•H 

o 

i — 1 

0) 

•r-f 

•rH 

ft 

ft 

ft 

i — 1 

i — i 

bO 

ft 

ft 

ft 

0 

0 

P 

d 

EH 

P 

*H 

£ 

d 

d 

<C- 

P 

d 

o 

to 

O 

P 

ft 

•rH. 

o 

P 

rH 

ft 

ft 

ft 

d 

H 

P 

ft 

P 

p 

P 

O 

o 

p 

ft 

d 

o 

ft 

ft 

a 

d 

o 

ft 

388 


—I  < 

< o 


>■  < 

o zn. 


389 


BAM— ANGLE  CONTROL  SYSTEM  CHARACTERISTICS 


d 

.. 

o 

0 

o 

d 

rH 

d 

1 — 1 

>> 

•H 

d 

0 

£ 

d 

d 

o 

d 

•H 

O 

d 

P 

*H 

D. 

o 

P 

d 

d 

0 

0 

d 

P 

3 

P 

d 

qD 

■H 

•rH 

co 

P 

d 

d 

d 

0 

o 

ca 

w 

o 

P 

d 

0 

bO 

*o 

w 

CJ 

0 

•rl 

rH 

d 

£ 

i — 1 

H 

O 

d 

d 

d 

J> 

p 

H 

bQ 

i — 1 

0 

d 

d 

P 

•H 

d 

02 

•rl 

0 

d 

P 

P 

p 

0 

d 

d 

p 

o 

o 

*\ 

ca 

J — 1 

P 

d 

o 

0 

0 

u 

*H 

P 

p 

d 

0 

d 

d 

o 

p 

d 

o 

03 

d 

• 

d 

o 

> 

0 

04 

*H 

d 

d 

0 

bD 

CO 

P 

> 

d 

§ 

*H 

d 

ca 

rH 

P 

d 

rf 

i — 1 

O 

0 

O 

d 

H 

p 

d 

0 

H 

m 

P 

d 

O 

t>5 

d 

d 

03 

o 

0 

o 

P 

d 

i — 1 

P 

•H 

O 

0 

d 

P 

P 

03 

P 

P5 

d 

P 

d 

P 

0 

o 

p 

*n> 

o 

02 

0 

a 

0 

P 

P 

o 

i — 1 

0 

d 

•H 

bO 

•Q 

o 

P 

d 

•H 

a 

d 

£ 

P 

d 

i 

d 

a 

0 

P 

>-> 

d 

P 

d 

bO 

03 

0 

3 

P 

d 

•H 

•H 

p 

o 

02 

P 

a 

■rl 

d 

0 

0 

P 

P 

d 

{rt 

d 

CO 

0 

R 

0 

rH 

o 

p 

rH 

ft 

p 

p 

d 

a. 

0 

O 

•H 

d 

d 

P 

co 

0 

•H 

o 

P 

d 

0 

> 

P 

H 

d 

fi 

•H 

•V 

EL 

rH 

o 

0 

d 

d 

P 

•ca 

P 

0 

0 

^ ^ 

P 

d 

OJ 

0 

d 

0 

o 

02 

3 

0 

\ 

O 

w 

bO 

O 

\ 

0 

o 

P 

d 

w 

p 

P 

CM 

d 

0 

II 

+1 

o 

P 

IS} 

P 

03 

0 

d 

tsi 

0 

0 

P 

*\ 

biD 

> 

04 

CM 

0 

l — 1 

i 

o 

P 

, 

0 

o 

1 

0 

03 

02 

d 

- — ^ 

02 

CM 

d 

0 

P 

6 

+! 

•H 

P 

d 

o 

d 

P 

o 

i 

P 

OJ 

0 

II 

bO 

o 

o 

i — ! 

0 

bD 

>5 

a 

o 

02 

P 

p 

d 

II 

d 

0 

■H 

d 

v — ^ 

d 

X 

CM 

d 

d 

03 

d 

P 

P 

d 

S 

1! 

II 

H 

II 

P 

P 

•H 

A 

'O. 

•ca 

JX 

d 

d 

0 

0 

0 

p 

0 

U3 

0 

s 

P 

Q 

<H 

p 

0 

0 

d 

d 

p 

d 

d 

o 

0 

ca 

P 

w 

d 

•N 

d 

o 

•v 

*rt 

04 

P 

P 

d 

r— 1 

^ v 

d 

• ca 

P 

0 

d 

v — 

d 

02 

OJ 

o 

0 

C 

0 

0 

P 

0 

02 

i — l 

60 

03 

v\> 

bD 

o 

bD 

d 

H 

ca 

O 

0 

d 

d 

P" 

P 

d 

P 

P 

d 

0 

1! 

CM 

p 

h> 

+1 

d 

g 

rH 

H 

tsi 

H 

p 

O 

ca 

P 

1 

0 

P 

P 

0 

o 

tsi 

0 

0 

0 

Ph 

04 

ca 

S 

02 

0 

P 

d 

P 

V ✓ 

d 

<H 

04 

+ 

CM 

d 

p 

P 

OJ 

bD 

P 

d 

o 

II 

0 

o 

1 — 1 

1 

0 

P 

O 

o 

i 

02 

ca 

0 

0 

d 

*• — "» 

P 

CM 

0 

P 

d 

o 

+1 

0 

d 

d 

CM 

«\ 

P 

bD 

o 

l 

d 

* 

o 

II 

P 

0 

o 

d 

LTV 

0 

P 

o 

P 

03 

P 

02 

>3 

’Ok 

II 

d 

•H 

0 

d 

' — ^ 

04 

X 

t — 1 

d 

0 

d 

P 

d 

*H 

1! 

il 

bL 

II 

P 

d 

0 

'tSk 

P 

P 

d 

Ph 

ai 

•ca 

0 

£ 

0 

Q 

< 

0 

d 

0 

P 

03 

0 

P 

0 

0 

rH 

d 

d 

d 

d 

P 

o 

•H 

02 

•rl 

O 

03 

0 

P 

P 

03 

03 

d 

P 

0 

0 

d 

d 

•H 

0 

0 

• 

P 

1 — 1 

•H 

CO 

*H 

d 

i — 1 

0 

03 

H 

1> 

d 

•H 

0 

d 

0 

P 

d 

d 

0 

*H 

P 

bD 

a1 

P 

P 

0 

o 

EH 

d 

d 

bO 

0 

0 

04 

d 

}> 

d 

•H 

d 

O 

in 

d 

p 

0 

d 

0 

P 

02 

0 

d 

, 

0 

d 

•H 

d 

P 

d 

P 

0 

d 

0 

o 

03 

P 

P 

o 

P 

• 

03 

O 

•H 

o 

d 

0 

rH 

P 

o 

’HD 

o 

O 

d 

d 

P 

p 

d 

o 

O 

o 

p 

H 

p 

p 

•H 

CM 

•H 

i — 1 

0 

d 

p 

bD 

CM 

O 

s 

O 

d 

d 

N — ^ 

d 

0 

d 

•H 

0 

d 

H 

£ 

& 

d 

0 

0 

d 

r 

P 

o 

P 

P 

•H 

> 

P 

P 

£3 

0 

P 

b— 

0 

O 

d 

bO 

VO 

03 

• 

i — 1 

d 

d 

•H 

d 

0 

bD 

0 

rs 

0 

d 

p 

•H 

> 

d 

P 

P 

P 

d 

d 

P 

•H 

d 

P 

0 

P 

P 

P 

d 

d 

03 

04 

d 

M 

0 

d 

X 

*H 

bD 

d 

P 

d 

p 

0 

CD 

P 

0 

d 

P 

d 

P 

rd 

d 

d 

P 

^ N 

P 

0 

0 

o 

Pi 

P 

02 

P 

d 

P 

p 

P 

\ 

•H 

d 

o 

•H 

P 

O 

P 

[5 

£ 

d 

O 

p 

v — ^ 

< — I 

CH 

0 

CO 

d 

o 

0 

P 

04 

•rl 

P 

0 

o 

d 

d 

P 

d 

03 

d 

P 

P 

•H 

•rH 

•H 

Tj 

d 

P 

£ 

rH 

bD 

P 

/ — s 

o 

d 

0 

CD 

d 

d 

ca 

0 

P 

CO 

P 

d 

*H 

O 

d 

P 

P 

P 

d 

r*^ 

o 

!>> 

0 

i — 1 

d 

V ^ 

d 

P 

•Q 

0 

0 

P 

d 

d 

H 

P 

P 

d 

d 

d 

•rl 

P 

0 

0 

p 

*r! 

P 

o 

> 

i — 1 

p 

d 

d 

•H 

o 

d 

0 

d 

P 

04 

!>. 

P 

d 

•rl 

*H 

i — 1 

p 

d 

0 

04 

P 

0 

0 

d 

d 

P 

0 

P 

P 

o 

0 

i — 1 

0 

i> 

•H 

o 

P 

d 

i — 1 

03 

0 

02 

•H 

o 

d 

03 

•N 

•rl 

bD 

£ 

( — 1 

o 

P 

d 

1 — 1 

d 

p 

H 

0 

!>> 

•rl 

CO 

o 

o 

d 

d 

d 

d 

0 

p 

p 

p 

0 

p 

d 

•rH 

•rl 

0 

•H 

P 

02 

P 

P 

0 

o 

P 

d 

02 

a 

0 

CO 

O 

d 

d 

0 

O 

P 

O 

KV 

d 

0 

P 

0 

0 

CO 

P 

r> 

> 

O 

0 

P 

P 

d 

CO 

d 

O 

0 

d 

0 

0 

0 

o 

d 

0 

rH 

>> 

»H 

P 

p 

0 

0 

P 

bD 

p 

P 

P 

bD 

£ 

d 

c 

•H 

d 

o 

d 

d 

0 

CD 

d 

p 

d 

d 

o 

o 

CO 

p 

4 1 

P 

ca 

02 

p 

rj 

•rl 

o 

r-^ 

i — i 

•H 

p 

d 

CD 

o 

i — { 

P 

0 

d 

•rH 

0 

d 

P 

d 

i — i 

0 

CO 

i — 1 

e 

•rl 

ca 

bD 

p 

02 

d 

i — 1 

0 

03 

d 

d 

o 

i — 1 

•rl 

P 

g 

cd 

d 

d 

Ph 

O 

CQ 

P 

d 

i 

d 

d 

P 

p 

£ 

bD 

d 

ca 

p 

0 

O 

o 

d 

d 

•rl 

P 

d 

d 

P 

o 

£ 

4^ 

P 

04 

390 


BANK-ANGLE  CONTROL  SYSTEM  CHARACTERISTICS 

BANK-ANGLE  CONTROL  WITH  ROLL  JETS 

BANK-ANGLE  CONTROL  WITH  YAW  JETS 

ORBITER  WITH  TIP  FINS 
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PLUME  IMPINGEMENT  DUPING  SEPARATION  OF  A TWO- STAGE  SPACE  SHUTTLE  VEHICLE 
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SPACE  SHUTTLE  LAUNCH  CONFIGURATION 
(Table  I) 
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SPACE  SHUTTLE  MASS  PROPERTIES  AND  TRAJECTORY  CONDITIONS 
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BOOSTER  AXIAL  FORCE  CAUSED  BY 
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Figure  2 
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Figure  3 
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Figure  4 


HEATING-RATE  CONTOURS  ON  THE  VERTICAL  TAIL 
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PLUME  EFFECTS  ON  SEPARATION  TRAJECTORIES 
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t h rus t -bull dup  time  history  affects  the  trajectory  and  the  magnitudes  of  the  plume-imping 
forces,  moments,  and  heating  rates.  Two  thrust -buildup  time  histories  of  7 and  h seconds 
used  in  this  study.  The  cases  to  he  presented  are  illustrated  in  figure  6. 
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Figure  6 


RELATIVE  EFFECTS  OF  PLUME  IMPINGEMENT  AND  AERODYNAMICS 
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Figure  8 


EFFECTS  OF  THRUST  BUILDUP  TIME  ON  A SEPARATION  TRAJECTORY 
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Figure  9 


EFFECTS  OF  PLUME  IMPINGEMENT  FOR  A TYPICAL  SEPARATION  SCHEME 
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Figure  10 
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PAPER  13 


SPACE  SHUTTLE  CONFIGURATIONS  AND  ASSOCIATED  ANGLE  OF  ATTACK  RANGES  IN  SUBSONIC  FLOW 
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approaching  90  degrees,  the  nose  vortices  break  down  and  a true  cross-flow  condition  exists.  During  the 
study,  analytical  methods  applicable  to  each  regime  shown  were  selected  or  developed.  Exercising  these 
methods  produced  a data  base  which  established  the  Reynolds  number  sensitivities  shown.  The  remainder  of 
this  paper  is  devoted  to  developing  the  analyses  that  lead  to  establishing  these  Reynolds  number  sensitivi- 
ties. The  effect  of  the  bound  nose  vortices  on  the  flow  field  is  discussed  first. 
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The  Reynolds  number  simulation  requirements  for  conducting  subscale  wind  tunnel  tests  of  Space 
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for  performance  and  stability  over  the  complete  flight  spectrum,  this  type  of  control  requirement  may 
result.  Some  interesting  results  and  correlations  relative  to  the  flow  separation  phenomenon  and  elevon 
effectivity  are  presented  on  the  following  slides. 
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LAMINAR  FLOW  \ TURBULENT  FLOW 


FLOW  SEPARATION  - OIL  FLOW  VISUALIZATION 
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SEPARATED  FLOW  ATTACHED  FLOW 


LONGITUDINAL  STABILITY  - REYNOLDS  NUMBER  EFFECTS 
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DIFFERENTIAL  OUTBOARD  DEFLECTIONS 
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-5-0°  INITIAL  OUTBOARD  SETTING 
-5  - -15°  INITIAL  OUTBOARD  SETTING 
- ATTACHED  FLOW,  8 - 0°  INITIAL 
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Phase  B comparisons  as  discussed  on  the  following  pages.  The  correlations  are  primarily  concerned  with 
high  angle  of  attack  (a  = 50  to  70  degrees)  data  which  are  representative  of  the  nominal  hypersonic 
entry  attitude.  Where  appropriate,  pertinent  low  angle  of  attack  comparisons  are  also  included. 
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edge  down  deflections  are  necessary  for  trim, the  all  moveable  horizontal  tail  (which  avoided  the  flow  separa- 
tion problem  since  there  is  no  foresurface)  correlated  much  better  than  the  "elevator  only"  concept. 
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Slide  14 


LIFT  COEFFICIENT  AND  LIFT-TO-DRAG  RATIO 
(SLIDE  15) 
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(a  % 60)  the  L/D  is  relatively  insensitive  to  configuration  perturbations  or  viscous  effects,  and  can 
be  predicted  equally  well  for  the  straight  and  for  the  delta  wing. 
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LATERAL-DIRECTIONAL  STABILITY  CHARACTERISTICS 
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results  in  a very  stable  Cn  dynamic  (Reference  3).  Therefore,  the  configuration  can  tolerate  relatively 

3 

large  uncertainties  with  respect  to  the  basic  lateral  directional  derivatives.  Consequently  the  inability 
of  the  HABP  to  predict  the  characteristics  accurately  has  not  been  a significant  problem  for  Phase  B. 
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STRAIGHT  WING  OIL  FLOW  STUDIES 


488 


could  be  a significant  function  of  the  relative  position  of  thawing  and  vertical  tail  since  the  vertical  tail 
effectivity  results  from  flow  induced  by  the  wing.  In  addition,  since  C is  a strong  function  of  horizontal 
tail  setting  (see  previous  slide),  it  is  possible  that  the  same  flow  mechanism  that  induced  the  longitudinal 
stability  change  also  affects  the  lateral-directional  characteristics. 


STRAIGHT  WING  OIL  FLOW 


489 
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CONCLUDING  REMARKS 
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To  assure  that  the  theoretical -experimental  comparisons  are  pertinent,  the  identical  model  geometry 
and  wind  tunnel  conditions  must  be  utilized  for  the  predictions.  It  is  appropriate  that  the  closing  slide 
of  the  paper  be  dedicated  to  geometry  verification  with  our  forthcoming  March  71  wind  tunnel  model  configura- 
tion presented  as  drawn  by  the  Calcomp. 


MARCH  71  DELTA  WING  ORBITER 

HABP  LINES 
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TEE  DELTA  BODY  - A POTENTIAL  SPACE  SHUTTLE  ORBITER 
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SPACE  SHUTTLE  TECHNOLOGY  REQUIREMENTS  - CONFIGURATION  RELATED 

(Figure  2) 
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SPACE  SHUTTUE  TECHNOLOGY  REQUIREMENTS 
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EFFICIENT  VOLUi 


DELTA  BODY  SPACECRAFT  DEVELOPMENT 
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The  Delta  Body  concept  and  its  advantageous  features  have  been  incorporated  into  designs  for  a 
wide  range  of  hypersonic  L/D  values  (l.l  for  the  HL-10  to  3*0  for  the  DL  and  FDL  series).  The 
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The  modem  Delta  Body  orb iter  exploits  its  inherent  advantages  of  volumetric  efficiency  and 
compact  size  while  providing  improved  aerodynamic  characteristics. 
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PARAMETRIC  TESTING 
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PARAMETRIC  WIND  TUNNEL  MODEL  - DELTA-BODY 
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UNAUGMENTED  SUBSONIC  HANDLING  QUALITIES 
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HEAVY  TRANSPORT,  CLASS  III,  MIL-F-8785B  (ref.  2) 


AERODYNAMIC  PERTORMANCE 
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Delta  Body  has  a high  performance  capability  and  operational  flexibility. 


AERODYNAMIC  PERFORMANCE 
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TRIMMED  ANGUE  OF  ATTACK 


DELTA.  BODY/DELTA  WING-BODY  GEOMETRIC  COMPARISON 

(Figure  12) 


P 

•H 

p 

CQ 

0 

p 

0 

£ 

d 

p 

p 

to 

p 

d 

d 

m 

B) 

d 

0 

rH 

d 

% 

•H 

CQ 

d 

£ 

] 

d 

V 

bO 

*H 

d 

d 

d 

d 

•h 

u 

p 

d 

d 

is 

0 

cq 

0 

Q 

rH 

P 

d 

i — i 

d 

0 

p 

d 

0 

P 

d 

rH 

a 

d 

P 

p 

0 

IQ 

d 

«H 

P 

• 

p 

d 

0 

d 

CQ 

•H 

P 

0 

bo 

•H 

P 

•H 

H 

p 

0 

P 

CQ 

d 

P 

d 

P 

0 

o 

d 

0 

P 

o 

d 

•H 

0 

d 

p 

-P 

0 

d 

O 

d 

d 

0 

P 

P 

d 

0 

d 

d 

P 

o 

P 

p 

P 

d 

0 

•H 

•H 

qO 

H 

CQ 

P 

•H 

d 

P 

*H 

0 

•H 

d 

> 

O 

d 

P 

P 

0 

o 

•H 

d 

d 

0 

a 

P 

d 

p 

i — 1 

& 

d 

O 

•H 

d 

P 

d 

CQ 

P 

£ 

$ 

P 

d 

d 

£ 

rH 

0 

d 

p5 

0 

0 

rH 

0 

P 

i 

P 

d 

P 

0 

rH 

b£) 

d 

•H 

d 

a) 

d 

0 

CQ 

P 

p 

*H 

P 

CQ 

CQ 

CQ 

0 

P 

a 

o 

•H 

p 

P 

rd 

d 

P 

P 

O 

*p 

P 

O 

CQ 

CQ 

d 

rH 

•H 

•H 

P 

p 

0 

d 

d 

a 

d 

P 

0 

0 

0 

o 

P 

d 

P 

i 

u 

P 

0 

d 

O 

d 

d 

q 

d 

CQ 

♦H 

d 

d 

d 

H 

H 

o 

d 

0 

d 

1 

•H 

P 

d 

0 

0) 

0 

P 

a 

d 

d 

E> 

cq 

O 

H 

■H 

0 

d 

0 

>> 

*d 

> 

d 

P 

cq 

P 

o 

1 

♦H 

d 

W 

0 

CQ 

H 

CQ 

P 

d 

rH 

CQ 

•H 

o 

P 

o 

P 

d 

d 

•H 

d 

d 

•H 

o 

P 

d 

o 

CQ 

p 

•H 

d 

•H 

bp 

p 

H 

& 

d 

!> 

p 

d 

H 

a 

0 

Q 

dO 

o 

bO 

0 

P 

p 

•H 

o 

d 

H 

P 

5o 

d 

P 

H 

■H 

d 

d 

rH 

d 

d 

P 

o 

d 

d 

a 

d 

0 

O 

o 

d 

P 

> 

0 

o 

P 

rd 

Eh 

d 

H 

o 

p 

P 

& 

Q 

d 

p 

• 

0 

o 

P 

d 

d 

P 

m 

bO 

d 

O 

0 

•H 

•H 

H 

a 

CQ 

d 

d 

d 

0 

bD 

O 

p 

P 

O 

d 

rH 

& 

d 

0 

a 

d 

P 

H 

Pi 

P 

o 

d 

P 

d 

0 

o 

d 

•H 

0 

0 

P 

P 

P 

<: 

»\ 

0 

d 

CQ 

gj 

d 

0 

0 

d 

d 

p 

CQ 

P 

P 

o 

P 

cq 

P 

p 

•H 

518 


LANDING  SPEED  AND  ATTITUDE  COMPARISON 
(Figure  13) 
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FUSELAGE  LENGTH  (METERS) 


VOLUMETRIC  EFFICIENCY  COMPARISON 
(Figure  15) 
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The  reduced  surface  area  of  the  Delta  Body  configuration  can  result  in  reduced  structural  and 
thermal  protection  system  weights. 


VOLUMETRIC  EFFICIENCY  COMPARISON 


PEAK  TEMPERAHJRE  ISOTHERMS  - DELTA  BODY 
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thermal  protection  system  requirements. 


PEAK  TEMPERATURE  ISOTHERMS  - DELTA  BODY 


527 


TO  CONVERT  TO  K,  K - (5/9X  F + 459.67) 


SURFACE  TEMPERATURE  COMPARISON 


TO  P 
H TO 


to 

s I 

^ H 

S § * 

P h o 


TO  TO 
P H 


TO 

TO 

P 

a 

N 

P 

O 

M 

*H 

i 

p 

ft 

TO 

TO 

TO 

bp 

d 

O 

P 

i — 1 

P 

P 

P 

TO 

P 

ft 

TO 

TO 

O 

ft 

H 

ft 

TO 

o 

P 

03 

S 

P 

ft 

*H 

d 

TO 

bO 

H 

CO 

ft 

ft 

P 

TO 

to 

P 

rH 

ft 

P 

TO 

TO 

TO 

rP 

o 

TO 

ft 

ft 

bD 

ft 

•H 

d 

O 

*H 

TO 

P 

ft 

ft 

TO 

3 

P 

d 

CO 

ft 

•H 

P 

P 

p 

TO 

TO 

TO 

P 

•H 

TO 

ft 

rP 

•r-f 

P 

d 

ft 

O 

P 

H 

O 

p 

•H 

ft 

p 

TO 

TO 

P 

ft 

TO 

ft 

TO 

o 

Ctf 

TO 

P 

d 

ft 

TO 

LT\ 

TO 

P 

*d 

*N 

P 

1 — 1 

TO 

O 

TO 

TO 

d 

P 

P 

3 

TO 

P 

•rH 

d g TO 

TOPS 

p a a 

d -H  O 


TO  P 
> TO  P 

ft  TO 
ft  ft  <d 

OOP 


0)  S 

*H  H 


•d  TO 

ft  . ^ 

8 & S 

« £ 

TO  TO 

O d H 

P ft  d 

rH  -rH 


TO 

P 

TO 

P 

d 

d 

ft 

O 

TO 

rH 

s 

•rH 

P 

ft 

TO 

P 

d 

d 

P 

TO 

p 

ft 

TO 

TO 

§ 

TO 

bO 

P 

o 

TO 

TO 

P 

can 

•rH 

ft 

P 

ft 

p 

•rH 

H 

P 

p 

s 

•H 

d 

TO 

H 

•rH 

TO 

• 

P 

P 

y 

P 

d 

TO 

ft 

bO 

f> 

i — 1 

o 

•rH 

rH 

TO 

O 

O 

ft 

p 

§ 

O 

LT\ 

rH 

ft 

•H 

CVJ 

CD 

o 

1 

M 

•rH 

P 

•rH 

ft 

o 

p 

P 

TO 

vo 

> o 

• 

ft 

TO 

cD 

rH 

1 

ft 

>? 

P 

0 

bO 

P 

TO 

d 

H 

P 

P 

d 

I o 

N 

P 

V 

P 

TO 

•rH 

3 

i -H 

•rH 

i — 1 

0 

o 

•\ 

•r 

P 

P 

! P 

ft 

TO 

TO 

/• — S 

r- 

TO 

p 

1 d 

P 

ft 

-p 

ft 

ft 

r~ 

& 

P 

d 

TO 

ft 

CD 

§ 

p 

1 TO 

ft 

TO 

O 

P 

o 

TO 

1 ft 

o 

ft 

TO 

> 

O 

TO 

o 

P 

•rH 

TO 

&H 

o 

S 

d 

I TO 

•o 

P 

ir\ 

TO 

1 P 

o 

OJ 

P 

P 

! O 

TO 

•rH 

o 

bf 

3 TO 

•rH 

P 

528 


SURFACE  TEMPERATURE  COMPARISON 


529 


Figure  17 


ONE  -AM)  -ONE  -HALF -STAGE  ORBITER  PRIMARY  STRUCTURE  - DELTA  BODY 

(Figure  18) 
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Delta  Body  has  many  features  which  contribute  to  low  structural  weight  and  reduced  design 
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DELTA  BODT/DELTA  WING -BODY  COMPARISON  - TWO  STAGE  ORBITER 

(Figure  20 ) 
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Figure  20 
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Delta/Body  Space  Shuttle  orbiter  will  perform  the  Space  Shuttle  mission. 
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SPACE  SHUTTLE  SEPARATION  SYSTEM 
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Figure  1 
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Figure  2 


SEPARATION  DYNAMICS 
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SEPARATION  DYNAMICS 
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Figure  3 
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INTERCONNECTION  LOADS 
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ROCKETS  = 150,000  LB  x 1 SEC  16.7 

660,000  NEWTONS  x 1 SEC 
EQUIV.  = 100,000  LB 
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Figure  5 
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(ACS  LIMIT) 
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(Figure  7) 
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LINKS  USING  ORBITER  THRUST 
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SEPARATION  DISTANCE  VS.  TIME 
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LINKS 

Using  Orbiter  Thrust 
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LINKS  USING  BOOSTER  THRUST 
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separation  SEPARATION  DISTANCE  VS.  TIME 
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Figure  10 


SEPARATION  SCHEME  WEIGHTS 
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SEPARATION  SCHEME  WEIGHTS 
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MAY  BE  TRADED  FOR  DISTANCE  VS.  TIME 


A significant  feature  of  each  concept  is  its  tolerance  to  failures.  This  chart  indicates 
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ailures  assumed 
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Figure  12 


VERTICAL  LEADING  EDGE  HEATING 
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VERTICAL  LEADING  EDGE  HEATING  LINKS 
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50%  THRUST 
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Figure  14 


If  separation  is  initiated  at  maximum  dynamic  pressure,  the  loads  shown  are  being 


1 -s 

alia 

» u 1 | 

•S  « ^3  c3 

m a Jh  ^ 

3 O 0 0 

2 o & 

£ £>  ti 

i — v 


o £ 

CO  £ 


i a .^h 

, S • 

• O i_j  C 
I O o o 

ill! 

! *3  ^ cd 

J ctS  CD  Ct, 
O +*  CD 

*-*  g CO 

| £ 3 CO 

1 £ Pi  <D 
, 0 CO 

' fJ  w Q 
; »h  q, 

1 m 3 

: -3  5 0 

• m g « 

' 2 a .2 

ig  5 8 
1^2 
' a •§  g 

„ C «J  g 
o 0 O 

Z *a  l5 

23  ^ ^ 

s I a 
s « a> 

. ta  e - 

« £ * 
u 5 ^ 

CTj  TJ  0 

0 a co 

^ O Cj 

CO  o o 


568 


ABORT  AT  MAX 


569 


Figure  15 
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ALTERNATIVE  = NEG.  g RESTART  FOR  BOOSTER  & ORBI 
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ior  under  these  abort  conditions  because  maximum  booster  thrust  is  maintained  through- 
out the  separation  sequence.  This  provides  maximum  altitude  and  maximum  gimbal 
authority  during  the  separation  maneuvers. 
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Figure  17 


ABORT  IMMEDIATELY  OFF  PAD 
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PROBLEMS  & PENALTIES 
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Figure  20 


FLIGHT  DYNAMICS  OF  A STRAIGHT-WING 
SPACE  SHUTTLE  BOOSTER  DURING  ENTRY 
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c)  Turbulence 
Lateral  c.g.  offset. 

Different  levels  of  aerodynamic  lateral  “directional  stability. 
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FACTORS  AFFECTING  BOOSTER  ACPS 
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VELOCITY  (km/.ec)  2 


REQUIRED  SIMULATION  DETAI  L FOR  BOOSTER  ENTRY 

(Slide  2) 
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BOOSTER  ACPS  PROPELLANT 
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LATERAL-DIRECTIONAL  DYNAMICS 


TRAJECTORY  DIVERGENCE  CAN  RESULT  FROM  IMPROPER  TRIM  CONDITION 
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TRAJECTORY  DIVERGENCE  CAN  RESULT  FROM  IMPROPER  TRIM  CONDITION 


PROPER  DIRECTIONAL  STABILITY  SAVES  ACPS  PROPELLANT 
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PROPER  DIRECTIONAL  STABILITY  SAVES  ACPS  PROPELLANT 


OPTIMUM  ANGULAR  ACCELERATION  FOR  AUTOMATIC  CONTROL 

(Slide  10) 
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ENVIRONMENT 
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WIND  AZIMUTH  (DEG) 


REVERSE  WIND  SPIKE  DISTURBANCE 
(Slide  12) 
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WIND  SPEED  (m/SEC) 


ALTITUDE  FOR  WIND  DISTURBANCE  DURING  TRANSITION  MANEUVER  IS  NOT  CRITICAL 

(Slide  13) 
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ALTITUDE  FOR  WIND  DISTURBANCE  DURING  TRANSITION  MANEUVER  IS  NOT  CRITICAL 
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CONCLUDING  REMARKS 
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BOOSTER  WING  GEOMETRY  TRADE  STUDIES 
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performance  and  cost  considerations.  The  influence  of  ground  rules,  such  as  choice 
of  flyback  fuel,  headwind  profile,  and  required  range  is  discussed. 
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WING  GEOMETRY  FROM  FLYBACK  ANALYSIS 
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ORBITER  ENTRY  TRAJECTORY  CONTROL 
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density  increases  the  underbody  temperature  by  6.701K  (IS®!?).  Variations  of  up  to  10  degrees 
in  the  trim  angle-of-attack  have  small  effect  on  target  control  or  environment. 
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sensor.  The  incorporation  of  navigation  in  the  horizontal  axes,  however,  is  possible  only  at 
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Slide  15 


The  drag  control  method  of  entry  guidance  can  he  used  to  shape  the  reference  heating  pulse , 
control  the  load  factor,  and  steer  to  a specified  target  within  a 4259  k®  (2300  naut.  mi.)  by 
666  km  (360  naut.  mi.)  low  cross  range  mode  footprint  and  within  a 9260  km  (5000  naut.  mi.)  by 
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ion. : Guidance  System  Operation  Plan  for  Manned  CM  Earth  Orbital  and  Lunar  Missions  Using  Program 
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PHASE  ENTRY 
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PAPER  19-11 


ORBITER  RANGING  WITH  HEADING  CHANGE 
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ORBITER  RANGING  WITH  HEADING  CHANGE 
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SPIRAL  GLIDE  DESCENT  TRAJECTORIES  TO  INITIATION 
OF  FINAL  APPROACH  (SIDE  VIEW) 
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GROUND  DISTANCE,  KM 


SPIRAL  GLIDE  DESCENT  TO  INITIATION  OF  FINAL  APPROACH  (SIDE  VIEW) 
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of  l.lg.  Both  trajectories  were  constructed  to  end  at  the  same  nominal  low  key. 


ORBITER  GROUND  TRACK  IN  SPIRAL  GLIDE  DESCENT 
POLAR  VIEW 


(h=9.4KM) 


ORBITER  GROUND  TRACK  HT  SPIRAL  GLIDE  DESCENT  (POLAR  VIEWS) 
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OEBZTER  RADGING  WITH  HEADING  CHARGE 
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OEBITER  RANGING  WZEH  HEADING  CHAIKJE  AHD  AI/TITUDE  LOSS 
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ORBITER  BANK  ANGLES  REQUIRED  FOR  HEADING  CHANGE 
AND  ALTITUDE  LOSS 


lift-to-drag  ratio,  l/d 


OKBTTER  BANK  ANGLES  REQUIRED  FOR  HEALING  CHANGE 
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FINAL  APPROACH  AND  LANDING  DETERMINATION 
OF  LOW  KEY  POINT 
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HORIZONTAL  DISTANCE  TO  TOUCHDOWN,  KM 


FINAL  APPROACH  AND  LANDING:  DETERMINATION  OF  LOW  KEY  POINT 
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A performance  analysis  was  conducted  in  order  to  define  the  energy  management  procedures  required 
to  target  the  orbiter  to  the  landing  site  in  the  subsonic  phase  of  unpowered  reentry. 
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PAPER  20 


The  orbiter  entry  trajectory  shaping  philosophy  has  evolved  from  pre-phase  A studies  to  the  present 
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This  paper  investigates  the  influence  of  various  types  of  entry  control  on  TPS  requirements  for 
2778  kilometer  crossrange  mission.  The  types  of  entry  control  analyzed  are: 

(1)  bank  angle  and  angle  of  attack  are  held  constant; 
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POSSIBLE  TRAJECTORY  SHAPING  OBJECTIVES 


694 


surface  TPS  comprises  over  half  the  total  TPS  weight.  Furthermore,  some  of  the  conclusions  resulting  from 
studying  bottom  TPS  apply  to  other  areas  as  well. 
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angle  when  VR  < 1200  m/sec  is  due  to  the  small  sensitivity  of  crossrange  to  bank  angle  at  low  velocities. 


BANK  PROFILE  TO  MAXIMIZE  CROSSRANGE 


709 


- 1000  m/sec 


BANK  AND  PITCH  PROFILE  TO  MINIMIZE  TOTAL  STAGNATION  HEAT 


CD 

P 

1 

"O 

E 

C 

c 

p 

>> 

03 

O 

•i — 

03 

03 

s- 

to 

•r— 

P 

s- 

03 

id 

P 

o 

P 

c 

E 

o 

03 

03 

X 

to 

O 

X 

id 

o 

03 

03 

p 

03 

03 

X 

to 

E 

E 

r— 

*r— 

P 

i — 

X 

X 

X 

X 

03 

to 

•r- 

i — 

13 

P 

O 

to 

X 

e 

p 

03 

CD 

U 

c 

id 

X3 

Id 

03 

o 

03 

X 

■r- 

OJ 

o 

E 

to 

c 

O 

e 

E 

e 

•k 

CD 

CO 

X 

c 

*r* 

O 

p 

o 

E 

cd 

o 

“O 

X 

■f 

e 

■r- 

•t— 

P 

•i— 

E 

*r~ 

id 

p 

03 

E 

o 

X 

03 

Q 

<d 

P 

*r— 

P 

P 

o 

P 

03 

■r— 

*1 — 

03 

X 

\ 

s- 

CJ 

id 

*r- 

CJ 

CO 

03 

O 

P 

CO 

CD 

to 

> 

P 

X 

p 

3 

s- 

T3 

id 

P 

03 

■r— 

03 

■r~ 

■r— 

03 

"O 

p 

■a 

p 

r— 

r— 

"O 

to 

e 

X 

P 

CD 

03 

c 

03 

to 

id 

p 

fd 

"O 

03 

03 

•r— 

P 

o 

c 

to 

03 

S- 

c 

id 

P 

03 

CO 

X 

CO 

E 

•1— 

03 

X 

o 

E 

O 

O 

X 

03 

*1 — 

CD 

03 

P 

u 

id 

p 

P 

i — 

CO 

03 

r— 

X 

C 

03 

D 

S- 

i — 

E 

o 

-1— 

CD 

p 

*r— 

E 

"O 

o 

<d 

03 

to 

0) 

i — 

03 

E 

03 

c 

u 

CJ 

<d 

03 

N 

03 

03 

CJ 

03 

e 

3 

to 

r— 

•r* 

o 

£- 

E 

• — 

•i— 

r— 

c 

1 — 1 

-a 

id 

i— 

03 

o 

to 

CD 

E 

c 

CD 

03 

03 

•i— 

O 

X 

03 

E 

•r* 

o 

E 

X 

C 

p 

X 

o 

P 

p 

03 

s- 

«d 

e 

e 

03 

03 

•r- 

\— 

•f- 

o 

CO 

X 

=5 

• I— 

“O 

CO 

E 

p 

C 

CM 

p 

P 

X 

E 

E 

X 

E 

• 

•r— 

03 

5 

p 

id 

CD 

zs 

o 

03 

•" N 

i — ‘ 

• 

C 

o 

1 — 

CO 

p 

S- 

3 

o 

E 

p 

• 

(j 

E 

03 

“O 

13 

-a 

id 

03 

O 

p 

wt— 

•r* 

E 

CD 

03 

S- 

O 

X 

to 

i— 

X 

X 

E 

X 

a_ 

o 

to 

o 

»i— 

“O 

03 

03 

p 

E 

X 

CO 

03 

• 1— 

p 

P 

03 

03 

S- 

•r** 

03 

P 

*r— 

E 

p 

~a 

E 

o 

03 

S- 

X 

“O 

P 

• 

n3 

e 

<13 

i- 

03 

o 

03 

03 

03 

P 

03 

CO 

03 

O 

03 

p 

X 

03 

P 

03 

■ — 

E 

E 

i— 

o 

i — 

CD 

•r- 

P 

T3 

o 

E 

X 

03 

x 

03 

-i — 

CO 

LO 

“D 

03 

03 

X 

O 

c 

*r- 

id 

O 

p 

-P 

O 

LO 

03 

O 

s- 

CO 

E 

r— 

> 

CO 

■1— 

03 

to 

CO 

O 

03 

“O 

to 

*r- 

to 

E 

03 

ai 

E 

o 

03 

A 

i — 

T3 

*r~ 

f— 

>f— 

03 

■i — 

■o 

03 

"D 

X 

03 

O 

P 

X 

CD 

E 

>> 

•p- 

CC 

03 

■o 

CD 

03 

■ — 

s- 

p 

E 

CJ 

-p 

DO 

03 

e 

i — 

> 

X 

•r 

•J— 

r_ 

CD 

p 

1 — 1 

03 

fd 

tO 

E 

X 

o 

00 

P 

X 

X 

CJ 

C 

E 

CJ 

-N 

03 

03 

p 

03 

•r— 

<d 

O 

to 

cr» 

CL 

E 

i — 

a 

e 

CO 

P 

%- 

CD 

X 

(J 

• 

E 

•t— 

a) 

CO 

O 

03 

•1— 

03 

03 

c 

03 

X 

03 

O 

“O 

aj 

CO 

e 

•i— 

03 

*r— 

> 

o 

P 

to 

P 

p 

e 

p 

O 

p 

03 

T3 

P 

03 

X 

T3 

p 

id 

id 

P 

id 

05 

CO 

E 

E 

e 

03 

•i— 

C 

P 

C 

03 

>1— 

03 

CJ 

o 

X 

o 

O 

p 

P 

O 

•r- 

o 

X 

X 

X 

X 

P 

00 

P 

a 

E 

o 

03 

P 

X 

P 

03 

O 

03 

03 

1 — 

CO 

o 

to 

c 

CD 

p 

P 

CO 

03 

U 

CO 

<D 

03 

» 

•r 

id 

E 

o 

E 

03 

XJ 

E 

e 

3 

03 

> 

03 

s- 

. to 

p 

id 

03 

X3 

o 

-X 

05 

-a 

E 

• 

CO 

s- 

03 

C 

o 

S- 

E 

E 

■i— 

x 

00 

03 

X 

X 

p 

13 

o 

to 

o 

p 

to 

o 

03 

i — 

+-> 

03 

E 

cn 

c 

fd 

u 

03 

•r* 

to 

•r— 

> 

00 

92 

i — 

03 

•r- 

♦ r— 

a 

03 

P 

E 

o 

P 

O 

V ^ 

E 

CD 

O 

E 

X 

<d 

03 

a) 

S- 

id 

3 

s- 

CJ 

E 

CM 

E 

P 

03 

s- 

X 

X 

o 

n— 

E 

CJ 

ZJ 

X 

a; 

03 

P 

p 

p 

03 

"O 

E 

x 

<1) 

j*: 

to 

n3 

to 

P 

*D 

*n 

C 

E 

o 

*r— 

-p 

> 

X 

o 

03 

c 

id 

"O 

U 

•j— 

3 

S- 

03 

U 

03 

P 

o 

03 

c 

>> 

to 

E 

E 

p 

P 

co 

•»— 

P 

P 

E 

X 

o 

X 

fd 

P 

o 

•r- 

E 

O 

c 

X 

■r— 

P 

o 

03 

*r- 

to 

X 

t — i 

•1™ 

cj 

a. 

03 

p 

o 

s- 

c 

to 

U 

03 

•r— 

id 

P 

co 

OJ 

CO 

X 

o 

o 

03 

o 

X 

X 

E 

E 

“O 

P 

•r- 

0) 

p 

•I- 

1 — 

h- 

P 

• 

3 

o 

c 

O 

X 

a 

p 

CD 

03 

03 

03 

O 

XJ 

p 

03 

03 

<d 

<d 

C 

> 

CD 

X 

CD 

E 

<u 

03 

r— - 

CD 

<4- 

c 

05 

• 

C 

P 

E 

id 

-p 

"O 

03 

i — 

O 

C 

CD 

03 

to 

•r- 

<d 

03 

<u 

i — 

cn 

e 

fO 

"O 

03 

X 

X 

p 

>* 

o 

E 

a> 

cn 

e 

CD 

e 

p 

id 

P 

CD 

P 

c 

o 

p 

to 

X 

•i— 

•r— 

E 

03 

E 

CO 

o 

to 

•r— 

03 

t— 

to 

p 

p 

03 

03 

O 

CO 

( — 

in 

to 

E 

X 

“O 

o 

00 

E 

E 

cj 

o 

r— 

<£ 

03 

E 

03 

E 

03 

0) 

+-» 

JZ 

03 

03 

id 

S- 

LjJ 

S- 

U 

CJ 

> 

01 

E 

X 

CD 

o 

X 

p 

« 

id 

3 

e 

e 

03 

P 

e 

P 

o 

03 

* 

C3 

X 

-CJ 

-a 

• 1 — 

o 

X 

•1— 

E 

p 

j — 

a; 

X 

• 

E 

E 

03 

o 

E 

p 

C3 

o 

CD 

E 

03 

o 

id 

E 

E 

x 

03 

J — 

E 

p 

03 

C 

■r- 

i- 

s- 

u 

a; 

CO 

p 

X 

3 

♦r— 

N 

03 

P 

id 

s_ 

O 

r- 

03 

o 

p 

to 

X 

•r- 

03 

T3 

p 

o 

P 

X 

X 

03 

03 

td 

E 

X 

03 

CD 

C 

id 

p 

o 

E 

e 

E 

*D 

•r— 

(-3 

O 

C 

C3 

03 

u 

"O 

e 

E 

•k 

•i— 

C 

P 

rt 

<d 

O 

X 

id 

E 

Cl 

03 

03 

e 

03 

s- 

X 

*r— 

•r— 

"O 

s- 

X 

p 

03 

CO 

03 

X 

o 

03 

E 

X 

03 

to 

c 

P 

■o 

X 

03 

P 

h~ 

4- 

u 

to 

S- 

o 

-D 

e 

o 

o 

03 

O 

CD 

o 

o 

• 1 — 

id 

>> 

o 

e 

E 

*D 

CO 

P 

c 

o 

s- 

p 

p 

o 

<d 

cj 

X 

CO 

03 

• 

03 

03 

•J— 

p 

u 

tj 

<d 

i— 

E 

03 

•!“ 

E 

03 

C 

> 

CO 

N 

id 

E 

00 

03 

X 

03 

O 

•r— 

•r* 

-a 

>> 

c 

>> 

p 

CD 

i — 

P 

X 

p 

X 

c 

tO 

“O 

c 

o 

p 

id 

id 

E 

a> 

J— 

• 

03 

P 

03 

03 

*r» 

to 

TD 

p 

E 

■n 

x 

CO 

e 

CD 

X 

03 

P 

C 

CD 

*J— 

<d 

to 

S- 

10 

— 

HH 

O 

E 

o 

03 

03 

p 

o 

o 

E 

• 

CD 

e 

03 

O 

03 

S- 

id 

i — 

1 — 

c 

P 

-P 

p 

> 

p 

•i — 

CO 

C 

to 

fd 

to 

03 

O 

e 

C 

05 

X 

03 

03 

CD 

a; 

P 

03 

E 

03 

• 

o 

o 

X 

03 

X 

X 

E 

o 

X 

o 

E 

O 

X 

CM 

a 

o 

P 

> 

X 

2 

•r— 

p 

P 

P 

id 

(J 

710 


712 


ENTRY  TRAJECTORY  AND  BOTTOM  £ TEMPERATURES 

Case  I 

(Slides  10  and  11) 


714 


peak  temperature  (1367  K)  occurs  at  station  X/L  - .25.  The  greatest  total  heat  load  also  occurs  for  station 


DELTA  ORBITER  ENTRY  TRAJECTORY 

CASE  I 


- 1000  m/sec 


716 


DELTA  ORB  ITER  BOTTOM  £ TEMPERATURES 

CASE  I 


O LO  O O 
i — c\j  lo  cr» 


o 


717 


500  1000  1500  2000 

TIME,  SEC 


ENTRY  TRAJECTORY  AND  BOTTOM  g TEMPERATURES 
Case  II 
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It  Is  seen  that  the  unit  weight  of  surface  insulation  is  dependent  upon  both  total  heat  input  (related 
to  surface  temperature  level)  and  the  duration  of  the  heat  pulse,  9.  This  is  in  contrast  to  metallic  TPS 
panel  weight  which  is  insensitive  to  time.  It  should  be  noted  that  HCF  has  an  upper  use  temperature  limit 
of  1642°K. 
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HCF  AND  METALLIC  TPS  UNIT  WEIGHTS 
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AVERAGE  BOTTOM  TOTAL  TPS  UNIT  WEIGHT  COMPARISON 


MAX  CENTERLINE  TEMPERATURE- 


CONCLUSIONS 


748 


temperature  to  which  the  vehicle  can  be  controlled  and  the  design  crossrange  requirement.  As  the  crossrange 
requirement  is  reduced,  the  unit  weight  for  a non-metallic  TPS  decreases  while  the  unit  weight  for  a metallic 
TPS  remains  relatively  constant. 
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